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Symposium on 


Infections Today 


FOREWORD 


THE ENTIRE FIELD of disease as it 
relates to infectious agents and im- 
munology has exploded with activ- 
ity, and observations now being 
made in the laboratory will result 
in the development of new methods 
of prevention and treatment. Two 
decades ago the interest in immu- 
nology and infection reached a low 
ebb. Immunological procedures were 
utilized primarily as a diagnostic aid 
and were not widely employed as a 
tool to study the pathogenesis of 
various disease processes. Following | 
the introduction of the sulfonamide CHARLES H. RAMMELKAMP, M.D. 
drugs and penicillin, physicians were satisfied that the ultimate anti- 
bacterial agents were available. Shortly thereafter, with the introduction 
of effective therapy for tuberculosis and broad-spectrum antibiotics, 
interest in the infectious diseases declined again and young investigators 
turned their efforts toward other fields. 

The dramatic change in attitudes observed today is largely due to 
two new developments. First, the use of tissue culture techniques for 
the study of viruses has resulted in the identification of large numbers 
of new infectious agents, some of which produce syndromes now recog- 
nized by clinicians as distinct diseases. In the area of viral respiratory 
infections alone, the number of new agents which cause disease is so 
great that frequent reviews, such as appear in this issue, are necessary. 
Since treatment of most viral infections is not specific, great interest 
in immunization is developing. The ease of growing pure viruses in 
large quantities, and the data accumulating concerning the duration of 
immunity indicate that many viral infections may be prevented by 
immunization. The question facing us today and in the immediate 
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future will be the proper use of the multiple immunization procedures 
which will be made available to the physician. 

The second area of rapid expansion of knowledge is related to newer 
immunological techniques which are being applied to a wide variety of 
diseases of both infectious and noninfectious nature. It is apparent that 
future editions of The Medical Clinics will describe these developments, 
for they will play an important role in the treatment and control of a 
wide variety of diseases. 

Finally, because of these developments, all areas of infections are 
coming under close scrutiny, for, as the population ages, infections 
remain an important cause of death. The role of preventive measures 
in such populations must assume greater emphasis. There is increasing 
interest in the protection of the hospitalized patient against infection 
with staphylococci and other organisms. Concepts of isolation and 
antisepsis will change, for the present procedures inadequately control 
infections in the aged or in patients admitted to our hospitals. 
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The Use of 
Amphotericin B in Blastomycosis, 


Cryptococcosis and Histoplasmosis 


From the Communicable Disease Center, 
Public Health Service, U. S. Department of 
Health, Education and Welfare, Kansas City, Kansas 


MICHAEL L. FURCOLOW, M.D. 


Medical Director and Chief, Kansas City Field Station, 
Communicable Disease Center 


THE INTRODUCTION of a reasonably satisfactory antifungal agent into 
clinical medicine represents another forward step in the pathway marked 
by the sulfas, penicillin and streptomycin. Amphotericin B is the first 
even reasonably effective antifungal therapeutic agent for treatment of 
all the deep mycoses. The history, dosage, toxicity and methods of 
administration of this antibiotic will be discussed in the article on 
coccidioidomycosis by Dr. William A. Winn, which follows. The present 
paper will be limited to a discussion of the three systemic mycotic 
diseases listed in the title. 


THE USE OF AMPHOTERICIN B IN BLASTOMYCOSIS 


As emphasized by Curtis and Harrell in 1961, blastomycosis is a 
fungus infection which merits therapy once the diagnosis is firmly 
established. This is because no mild cases have been reported and the 
mortality rate in large series as reported by Martin and Smith* was 93 
per cent within three years of diagnosis. 

Blastomycosis appears to be the most readily responsive of the sys- 
temic mycoses to therapy and was the first for which therapeutic agents 
were made available. Colbert et al.” first reported that propamidine had 
a definite effect in blastomycosis. The use of the diamidines, mainly 
stilbamidine, was first reported in 1951 by Schoenbach et al.” This drug 
was toxic particularly to the trigeminal nerve and was replaced later by 
2-hydroxystilbamidine, which has a much lower incidence of side effects. 

1119 


1120 MicHAEL L. FuRCOLOW 


Table 1. Results of Treatment of 135 Cases of North American Blastomycosis 
Gathered from the Literature* 
(Included are 81 Cases Treated with Diamidine, 39 Cases Treated with 
Amphotericin B, and 15 Cases Treated with Amphotericin B 
After Failure of Diamidine Therapy. ) 


SS — ee 


TREATMENT 
RESULTS Diamidines Amphotericin B Both 
we eS ee 
ING. SE No. % No. 
(Arrested Sema. acne 54 67 27 69 12 
Improvedenmwen ere 12 15 9 23 1 
Unimproved....... 10 12 il 3 0 
ID 16d kare mractier casts 5T 6 2 5 2t 
AROUND eer omoe 81 39 15 


* Modified from Sutliff.*® 
+ One patient died of cause other than North American blastomycosis. 


There is still considerable controversy as to the relative efficacy of 
2-hydroxystilbamidine and amphotericin in the treatment of blasto- 
mycosis. Sutliff in 19614° published a comparison of these two agents in 
135 cases of North American blastomycosis from a review of the liter- 
ature. Table 1 is reproduced from that report. It is noted that among 81 
cases approximately 82 per cent were arrested or improved with the 
diamidines, in contrast to 92 per cent with amphotericin. Most striking, 
however, are the 15 cases which were 2-hydroxystilbamidine failures and 
were subsequently treated with amphotericin. In 13 of these improve- 
ment occurred under amphotericin therapy. 

Although 2-hydroxystilbamidine appears to have less primary toxicity, 
it is not devoid of serious side effects. Wigger*’ reported a fatal reaction 
to 2-hydroxystilbamidine in the form of liver toxicity. It can, however, 
be given with much less fear of immediate reaction than amphotericin, 
but with the knowledge of fewer satisfactory results and a greater 
percentage of recurrences. 

Amphotericin B has been widely used in blastomycosis. Sutliff,4® in 
Table 1, reported its use in 54 cases. Curtis and Harrell report better 
than 80 per cent cures with amphotericin. They also report that one can 
expect 10 to 15 per cent relapses even with amphotericin treatment, and 
they stress that the most difficult cases to treat and the most prone to 
relapse are those which appear to have a poor immunologic response, as 
evidenced by negative skin tests and positive complement fixation tests. 
The average total dose employed in the earlier reports approached 1 
gram of amphotericin. Later experience, however, indicates that larger 
dosages are preferable and Seabury,** Curtis and Harrell and others 
feel that a total dosage of approximately 2 grams of amphotericin should 
be given. If relapses occur, re-treatment is indicated and the response is 
usually as sati-factory as on primary treatment. 
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Recent correspondence with various experts in the field and review of 
the literature subsequent to Sutliff’s article*? reveal that about half favor 
the use of amphotericin to the exclusion of the stilbamidines!: 4+ 21: 45. 52 
and the other half prefer to treat primarily with 2-hydroxystilbamidine, 
reserving amphotericin for the recurrences which follow in about one- 
third of the cases.*? “4 All agreed that cases with extensive involve- 
ment or rapid progression or those in whom poor immunologic response 
was evidenced by negative skin test and high titer complement fixation 
test should receive primary treatment with amphotericin. 

Most of the cases of blastomycosis are first diagnosed in the dis- 
seminated form; that is, with skin, bone or meningeal lesions. The skin 
and bone lesions seem to respond perfectly satisfactorily to therapy, the 
meningeal lesions somewhat less satisfactorily. Carmody and Tappen in 
1959° summarized 19 cases of meningitis from the literature, all of which 
were fatal, and reported one cure with amphotericin. Loudon and Law- 
son*' reported a further case in 1961 with improvement and relapse 
several times after treatment with amphotericin totaling 2.47 grams. 
This patient has remained well for two years despite transient paraplegia 
due to the intrathecal injection of amphotericin. 

Intrathecal injection of amphotericin has only rarely been employed 
in blastomycotic meningitis, but based on the experience reported with 
cryptococcal and coccidioidal meningitis, its use should be seriously 
considered. Other organs involved in dissemination are the prostate and 
the adrenal glands with the production of Addison’s disease.?: 7 

The problem faced by the clinician in the treatment of blastomycosis 
is whether to treat with amphotericin, which gives a surer result and 
more permanent cure, with less danger of recurrence, or to treat with 
2-hydroxystilbamidine, which has less toxicity, slower cure and more 
recurrences. There appears to be no difference of opinion that ampho- 
tericin be employed in the treatment of the severe or progressive cases 
or those with meningitis. 

Amphotericin B appears to be the drug of choice in South American 
blastomycosis as reported by Sampaio,*! who treated 61 cases. There 
was much less tendency for relapses to occur than with the sulfonamide 
treatment of this disease. 


USE OF AMPHOTERICIN B IN CRYPTOCOCCAL INFECTIONS 


Cryptococcal infection of human beings has a clinical significance 
similar to that of blastomycosis; namely, once the disease is clinically 
recognizable it calls for active and urgent therapy. The reason for this 
is explained in the fact that the Cryptococcus has a tendency to migrate 
to the meninges and there cause a usually fatal meningitis. Even where 
the cryptococci are apparently localized to the skin or the lungs, present 
clinical concepts require that immediate therapy be instituted to prevent 
its subsequent dissemination to the meninges, which appears to occur 
almost invariably. Pulmonary cryptococcosis may be of either the 
nodular or pneumonic variety and is frequently not diagnosed until after 
surgical interference. If the diagnosis is established promptly after 
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surgery it is recommended that therapy be instituted to prevent dis- 
semination to the brain. In such cases approximately a month’s therapy, 
or 1 gram of amphotericin, would appear to be satisfactory unless 
complications develop. 

A similar course of therapy would appear indicated in cryptococcal 
infections of the skin where no evidence of other infection is found. 
Therapy here should be continued until the lesion has completely dis- 
appeared, even though this requires the administration of more than 
1 gram of amphotericin B. In both the pulmonary and cutaneous 
varieties, observation of the patient should be carefully maintained for 
a long period of time for recurrences. 

Cryptococcal meningitis has long been known as a serious and ordi- 
narily fatal disease. The average length of time from diagnosis till death 
in over 300 cases reviewed by Littman? was six months. In the 132 cases 
followed by Carton,!° 92 per cent of the patients were dead within two 
years of the diagnosis. While average survival periods are short, it is well 
known that an occasional patient may survive for years without therapy. 

Although many therapeutic agents have been tried in cryptococcal 
meningitis, only amphotericin B has proved therapeutic value. The first 
case treated with amphotericin was in 1957, by Applebaum and Shto- 
kalko.? The patient received approximately 4.2 grams by the oral and 
intravenous routes and his course was satisfactory. In reviewing the 
therapy of cryptococcal meningitis with amphotericin, it is immediately 
apparent that adequate dosage is of extreme importance. Unless sizable 
amounts of drug are introduced into the patient, the chances of relapse 
are great. Louria® reviewed the results of 69 cases of cryptococcal menin- 
gitis from the literature in which 500 mg. or more of intravenous drug 
were employed. Fifteen, or 22 per cent, of these patients were classified 
as cured, 45 per cent as improved, and 33 per cent as failures; that is, 
failed to improve, relapsed or died. Many of these cases of unsatisfactory 
results, however, must be classed as inadequately treated in terms of our 
present knowledge. 

Evans" has analyzed the results of 22 cases treated with amphotericin 
at this Station. The results highlight the important factors in the treat- 
ment of cryptococcal meningitis. All cases were confirmed culturally. 
There were six females and 16 males. Seven of the patients had com- 
plicating illnesses. Two patients had arthritis, with steroid therapy: two 
had tuberculosis, and one of these also had Hodgkin’s disease. Other 
patients had diabetes mellitus, agammaglobulinemia and histoplasmosis. 
Half of the cases had been followed for one year or more. There have been 
eight deaths in this group, four of which occurred during therapy with 
amphotericin B. Six of the original 22 patients have experienced relapses 
after their first course. 

It appears that age and dosage are two of the critical factors in survival 
in cryptococcal meningitis. Reference to Table 2 shows that only one of 
ten patients died who were under 50 years of age, whereas the disease 
was fatal in seven of 12 patients who were over 50 years. In the same 
table it is seen that six of ten patients who received less than 2 grams of 
amphotericin died; whereas only two of 12 patients receiving more than 
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Table 2. Relation of Age and Dosage of Amphotericin B to Survival 
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2 grams died. Other factors of importance are the continuation of treat- 
ment until not only the cultures but also the smears of the spinal fluid are 
negative. All seven patients with positive smears at the termination of 
therapy relapsed and five of the seven died. Another factor was the 
clinical state of the patient at the time of diagnosis. Those in a coma had 
a poor prognosis regardless of the amount of therapy. 

The failure of amphotericin to readily cross the blood-brain barrier 
has raised the question of intrathecal treatment with this drug.” It is 
our present practice to recommend intrathecal therapy in patients who 
are comatose or semicomatose on admission or who have severe evidence 
of meningeal irritation. This intrathecal injection accompanies the 
intravenous administration and is performed every other day or twice 
a week. Ordinarily after a period of several weeks of therapy the intra- 
thecal injections can be discontinued and the treatment carried on by 
the intravenous route. However, in those patients who fail to clear the 
spinal fluid by culture after one month, or by culture and smear after 
two months of therapy, consideration should be given to intrathecal 
administration or possibly even intracisternal administration as recom- 
mended by Dr. Winn in the accompanying article. 

In summary, it appears necessary to treat every patient in whom sys- 
temic cryptococcosis is diagnosed, and particularly those who already 
have shown the onset of meningitis. These individuals should receive 
not less than 2 grams of amphotericin by the intravenous route. Ac- 
companying intrathecal or intracisternal injections should be instituted 
in all patients who are seriously or critically ill or who fail to respond 
within a few weeks to the intravenous medication. In patients whose 
reaction to intravenous injection is excessive, intrathecal or intra- 
cisternal injection alone may be substituted.* 


* Spickard et al. (Ann. Int. Med. 58: 66 [Jan.] 1963), in an article which was seen 
after this manuscript was submitted, feel that the presence of complicating diseases 
was more important than dosage in failure with amphotericin therapy. They recom- 
mend intrathecal therapy only for relapses or patients intolerant to the intravenous 


route. 
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THE USE OF AMPHOTERICIN IN HISTOPLASMOSIS 


Acute Pulmonary Histoplasmosis 


As is now well recognized by most clinicians, pulmonary infection 
occurs almost invariably with histoplasmosis. A large percentage of these 
cases are self-limited and probably not over 5 per cent at most would be 
considered serious enough to warrant consideration of therapy. Present 
concepts are that therapy be recommended only in patients with acute 
pulmonary histoplasmosis who are dangerously ill or whose lesions, if 
not treated would, by their location, cause them later complications. 

Amphotericin has been used occasionally in severe cases of acute 
pulmonary histoplasmosis, particularly those with severe toxicity, pro- 
longed illness and high fever. Rubin et al.*® reported such therapy with 
satisfactory results. A total of 16 days of intravenous therapy with 
50 mg. per day was given to this patient. Yates et al.,°? Baum and 
Schwarz,‘ Harrell and Bocobo# and others have reported satisfactory 
results in the treatment of the acute disease with amphotericin. 

Schwartz‘? has suggested that at least some of the toxic manifestations 
may be due to allergy and that the use of cortisone covered by ampho- 
tericin might be indicated. Packard et al.*° in several cases used cortisone 
without amphotericin for the toxemia, but after the immune response 
had been built up. Under ordinary circumstances, however, corticoste- 
roids are contraindicated at any stage of the disease, as they are in tuber- 
culosis, unless covered by specific therapy. 

Certain types of disease such as intense hilar or mediastinal involve- 
ment or failure of nodes in these areas to regress promptly should also be 
seriously considered for amphotericin therapy. Here prevention of 
atelectasis and later bronchiectasis and mediastinal fibrosis are prime 
considerations. If given to combat the presence of large mediastinal nodes 
causing atelectasis the drug would be continued until the nodes have 
diminished in size sufficiently to permit re-aeration of the lung. In any 
event the amount of therapy is varied with the patient and is usually 
much less than in the chronic type of disease. 

Nodular disease which has relapsed and progressed as reported by 
Smith and Matthews* would also be considered for therapy. 


Disseminated Histoplasmosis 


This term is applied to the clinical manifestations of extrapulmonary 
spread of the fungus. It appears that a few organisms not infrequently 
become blood-borne from the lungs and lymph nodes during the acute 
stages of the disease. This transient fungemia appears of no clinical 
importance beyond causing a few splenic calcifications. However, in 
certain persons, possibly those with defective immune mechanisms 
definite foci of disease are established in other than the pulmonary tissues. 
These may be evidenced clinically as an acute septicemic type usually 
in younger persons, as a Histoplasma meningitis or, in older persons, as 
a chronic granulomatous type with adrenal involvement, accompanied 
by ulceration of the mucous membranes. 
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The severity of the untreated acute disseminated disease was earlier 
demonstrated by Bunnell and Furcolow’ and Christie et al. This has 
perhaps best been documented by the Communicable Disease Center 
Cooperative Mycoses Study, in which it was established that the 
disease was fatal in 20 of 24 untreated cases observed by the group 

Amphotericin B appears to be the most satisfactory drug for the treat- 
ment of this type of histoplasmosis. In July 1959, Little et al.2° reported 
the first satisfactory results of treatment of acute disseminated histo- 
plasmosis in four infants from Louisville, Kentucky. Heyn and Giam- 
mona” reported successful treatment of two cases from Iowa. Ltz and 
Treger® reported satisfactory results in four of seven cases. Two patients 
died and one was still on therapy in December 1959. Later Yates et al.59 
reported satisfactory results in an additional two cases of disseminated 
disease. Harrell and Bocobo” in 1960 reported the treatment of 18 
progressive disseminated cases, in nine of which improvement was 
dramatic. Seven of these showed clinical remission for periods up to 18 
months. One patient died after initial improvement on oral therapy, and 
three other deaths occurred in patients who had been inadequately 
treated. Little, in 1962?’ reported satisfactory results in eight of nine 
cases, the one unsatisfactory result being in a child treated only three 
days. Satisfactory results in occasional single cases have also been 
reported.” 88, 44 

The therapy of chronic disseminated histoplasmosis with ampho- 
tericin was first described by Lehan et al.,24 who reported satisfactory 
results in two cases by the oral route and later good results in two of four 
cases treated intravenously.”° Utz et al.*4 reported recovery in one of two 
patients treated intravenously. 

A larger series of disseminated histoplasmosis is that reported by the 
Communicable Disease Center Cooperative Mycoses Study." Five 
deaths occurred among 22 patients treated with amphotericin, four of 
which were in 13 patients who did not receive adequate treatment. This 
series included both acute and chronic disseminated types. 

Amphotericin B has also been employed in the treatment of some of 
the complications of dissemination as meningitis,**: 47 pericarditis! °° 
and endocarditis. 37 

Snyder and White‘? and Nelson et al.* reported recoveries in two cases 
of Histoplasma meningitis. One was in a five year old boy who developed 
a residual footdrop presumably associated with intrathecal therapy and 
the second a four month old infant who recovered from her infection but 
suffered permanent brain damage. She received no intrathecal treatment. 

Gregoriades et al.! and Webb and Herring®® reported apparent cures 
of one case each of Histoplasma pericarditis with effusion by treatment 
with surgical drainage and amphotericin. 

In July, 1962, Derby et al.” reported that they had successfully 
treated the first patient with Histoplasma endocarditis with 4.8 gm. of 
amphotericin. She was well 20 months after discharge from the hospital. 
Palmer et al.*7 reported failure in a case treated with 1.3 gm. of ampho- 
tericin. They recommended at least six months of therapy with ampho- 
tericin. 
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In summary, it appears that therapy is imperative in both types of 
disseminated disease since most children with the acute type will die and 
all adults with the chronic type will eventually succumb to the disease. 
In the acute type in children early diagnosis and prompt therapy are 
more important than long duration of therapy. In adults, 1t appears that 
larger amounts of amphotericin (3 gm. or over) are indicated for longer 
periods to prevent relapse. Prompt diagnosis and amphotericin therapy 
seem to offer the only hope in the complications of dissemination involy- 
ing the central nervous system and the heart. Again adequate dosage 
must be given. 


Chronic Pulmonary Histoplasmosis 


Chronic pulmonary histoplasmosis with its resemblance to chronic 
pulmonary tuberculosis has become a disease of increasing importance. 
Although the first cases were reported in 1948 by Bunnell and Furcolow® 
and Johnson and Batson,”? and only 11 cases could be found by Sutliff 
et al.*! in 1953, Furcolow and Brasher! by 1956 were able to report 13 
cases in one sanatorium, and to estimate that large numbers existed in 
the sanatoria of the United States. 

Table 3 gives a resume of the literature of the treatment of chronic 
pulmonary histoplasmosis with amphotericin, exclusive of the two large 


Table 3. Summary of Results of Amphotericin B Therapy in Chronic 
Histoplasmosis as Obtained from the Literature. 


DEAD FROM DEAD FROM 
APPARENT NO OTHER HISTO- 
TOTAL RECOVERY IMPROVED RELAPSED CHANGE CAUSES PLASMOSIS 


Beard: etalteGack.ni- = scree 1 1 
Harrell and Bocobo”!... . . 9 1 € iL 
Seabury, 1961"......... 10 8 2 
Smith and Matthews... 4 a 1 
Baum and Schwarz>..... 11 cf 1 1 2 
Witz eb alitt. okecaen we ce 1 a 
VYates.etall88, 5. sat arin 27 15 6 4 2 
mallbaree s. «socio 4 4 
MOMAG Move, sos qhernvervawesle 67 12 33 9 z 4 2 


cooperative group trials reported in detail below. A total of 67 patients 
have been treated, of which six have died, two of histoplasmosis and four 
of other causes. Forty-five of 67, or 67 per cent, have shown improvement 
or recovery. Nine patients have relapsed and seven were unchanged by 
therapy. 

A large amount of data on the treatment of chronic pulmonary histo- 
plasmosis with amphotericin has been collected by two cooperative 
studies. In the Veterans Administration Study,*’ improvement was noted 
in 13 of 17 treated cases and no change in four. Relapse occurred in four 
of their 17 cases, but all of these patients had received a total dose of 
less than 1 gm. of amphotericin. 

The problem of treatment of chronic pulmonary histoplasmosis has 
been further defined by the Communicable Disease Center Cooperative 
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CHRONIC PULMONARY HISTOPLASMOSIS 
STATUS OF 89 ADEQUATELY TREATED CASES 
AT ANNIVERSARY 
TOTAL DOSE AMPHOTERICIN B MORE THAN 25 MG/KG 
Sorc eneey TREATED CASES OMITTED) 


= 


8 


80 
60 IMPROVED 59 
b Kb 
= z 
i iit) 
oC oO 
e a 
WwW 
= 40 = 
He 7 2 
: : i eee 4 
DID NOT CHANGE 
20 10 
PROGRESSED 4 
Y X-RAY 
16 
HISTO) DEAD === 
MA J 
(e) | 2 3 


ANNIVERSARY AFTER DIAGNOSIS 
Fig. 1. (From J.A.M.A. 183: March 9, 1963.) 


Mycoses Study of the Public Health Service," which has reported on 
the treatment with amphotericin of 172 cases of chronic pulmonary 
histoplasmosis. The critical factors affecting the results appeared to be 
the amount of drug the patient received and the period of observation 
of the patients following therapy. From these studies it appeared that 
small amounts of amphotericin (less than 25 mg./kg. body weight) had 
relatively little effect when compared with untreated cases. There did 
appear to be some transient early effect in decreasing progression and 
death from the disease. However, when larger doses were given, or more 
than 25 mg./kg., as shown in Figure 1, the prognosis was markedly 
improved over the untreated cases. The mortality was decreased and 
almost 60 per cent showed improvement over a three year follow-up 
period. 

In summary, it appears that amphotericin has a definite place in the 
therapy of acute pulmonary histoplasmosis and should probably be more 
widely employed as a preventive for the later complications of acute 
pulmonary histoplasmosis. It appears to be life-saving in acute and 
chronic disseminated histoplasmosis, and to be effective in lowering 
mortality and decreasing progression of the disease in the chronic 
pulmonary type. Since amphotericin B is the only effective antifungal 
agent now commercially available for the systemic mycoses,* it appears 
desirable that its use be extended and more thoroughly understood. 


* Because it is not now commercially available or in production this paper will 
include no references to antifungal antibiotic X5079C, which has been reported on by 


Utz et al.®3 and others.1 °° 
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THE ENDEMIC AREA for coccidioidomycosis has been geographically 
defined, *» 4° and is apparently conterminous with the lower Sonoran 
life zone.** Distribution of the pathogenic fungus Coccidioides immitis 
within this area is not uniform, but “spotty” in character. The southern 
San Joaquin Valley in California and the Phoenix-Tucson area of Arizona 
are similar in that they possess the most marked soil contamination by 
the fungus and in these areas a maximal infection rate of 25 per cent of 
newly arrived nonimmune persons is possible.*! The degree of soil 
contamination by C. zmmitis is also reflected by the incidence of coc- 
cidioidal infection among cattle, which provides a natural index for the 
degree of endemicity in any area.” 


PATHOGENESIS AND DIAGNOSIS 


The present concept of the natural course of coccidioidomycosis began 
25 years ago with the classic studies of Gifford,” Dickson®: 7 and Smith.?? 
In the past ten years, approximately 600 contributions have appeared 
in the scientific literature, bringing additional refinement to present 
knowledge. With the beginning of our own studies of coccidioidal disease 
in the San Joaquin Valley, first reported from Springville in 1941," the 
need was felt for a sytemization of the disease based upon the roentgeno- 
graphic pulmonary changes. The hope that this could be correlated with 
its pathogenesis was a desirable but somewhat unsophisticated wish. So 
variable are its manifestations that Mackler in 1951 has described 
coccidioidomycosis as ‘“‘a disease without a natural history.’”? The 
multiple aspects of the disease process brought realization, as observa- 
tions continued, that coccidioidomycosis possessed a bizarreness that 
defied classification. The experience derived from almost daily encounters 
with its pathologic manifestations during the past 20 years has made 
possible some systemization which lends definite usefulness in the medical 
and surgical management of the patient with coccidioidomycosis (‘Table 
1). 

The initial infection, produced by entry of the highly infectious chlam- 
ydospore of C. immitis into the respiratory tract, occurs usually via 
spore-laden dust and produces only mild illness in two-thirds of patients. 
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Table 1. Coccidioidomycosis: A System of Classification 
- Se SS ee 
I. Primary CoccIDIOIDOMYCOSIS 


A. The primary pulmonary lesion (roentgenographic) a : 
1. Pneumonitis (2-6 weeks’ duration) 6. Nodular densities, single or 


2. Infiltration (over 6 weeks’ duration) multiple 
3. Consolidation 7. Pleural effusion 
4. Lymphadenitis, hilar 8. Mixed lesions, protean 


5. Cavication, transient 
B. Residual pulmonary lesion (roentgenographic) 
1. Coccidioidoma (solid, round focus) ( nearby satellite densities often 
2. Coccidioidal abscess (thick-walled ) present 
3. Cavitation (cystlike, thin-walled) 
4. End point lesion (calcification, fibrosis, localized bronchiectasis ) 
C. Extending pulmonary lesion (roentgenographic ) 
A local extension of any of the primary or residual lesions, but confined to the 
same body system without widespread dissemination. 


1. Infiltrate, progressive 5. Cavitation, enlarging 
2. Coccidioidoma, enlarging 6. Cavitation, becoming multiple 
3. Coccidioidoma, excavating 7. Cavitation, transpleural rupture 


4, Coccidioidoma, becoming multiple 8. Cavitation, recurrent 


II. DisseminatinG Coccrp1o1pomMycosis (by systemic involvement) 
Acute: Less than 6 months’ duration. Chronic: More than 6 months’ duration. 


A. Respiratory E. Peripheral granuloma 

1. Laryngopharyngeal F. Visceral and peritoneal 

2. Tracheobronchial G. Urogenital 

3. Lung H. Cardiac 

4. Pleural I. Eye 

5. Thoracic wall J. Meningeal 
B. Lymphatic 1. Of hematogenous origin 
C. Skeletal 2. By direct extension 


D. Cutaneous 


III. Primary EXTRAPULMONARY COCCIDIOIDOMYCOSIS 


Infection by primary cutaneous inoculation, usually with secondary lymphade- 
nopathy (chancriform syndrome). 


That coce‘dioidal infection has even occurred is in many such patients 
indicated only by the development of skin sensitivity to coccidioidin, and 
complete recovery of the patient from such subclinical illness is followed 
by lasting immunity. In the remaining third of the patient group under- 
going primary infection, a more severe illness results following the usual 
incubation period of two to three weeks. This is accompanied by respira- 
tory symptoms including fever, chills, cough, chest pain and increasing 
lassitude and weakness. In 25 per cent of female patients, but only 4 
per cent of male patients, primary coccidioidomycosis will be accompa- 
nied by a skin rash (erythema nodosum or erythema multiforme). These 
skin manifestations are suggestive of coccidioidal infection, but if they 
are absent the medical history indicating recent exposure within the 
endemic area may be the only clinical lead toward correct recognition of 
the existence of primary coccidioidomycosis. A positive intracutaneous 
reaction to 0.1 ce. of a 1:100 dilution of coccidioidin, manifested by the 
appearance of induration 24 to 48 hours later, will also be suggestive. 
Such skin sensitivity will usually appear three to four weeks after the 
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initial pulmonary infection has occurred. Serial roentgenograms of the 
chest are necessary to follow adequately the inflammatory and infiltrative 
changes that usually appear within the lungs. 

Serological evaluation is essential in the medical management of 
primary coccidioidomycosis. C. E. Smith has, by his important contri- 
butions, shown that such tests are successful in 92 per cent of patients 
in establishing the diagnosis and forecasting the prognosis.2°: * The 
presence of precipitins in the serum indicates the recentness of the 
infection, whereas the titer of complement fixation is more closely 
correlated with its severity. Complement fixation appearing in serum 
dilutions as high as 1:64, and, with continuing elevation of titer, is 
indicative of impending dissemination of the invading fungus from its 
primary focus in the lung. With such failure of focalization of the initial 
infection, the patient’s recovery is seriously threatened since a 50 per cent 
mortality is associated with disseminated coccidioidomycosis. Fortu- 
nately, this is uncommon, occurring in not more than 0.5 per cent of 
patients, more frequently in the male. Racial susceptibility plays an 
important role and dissemination occurs at least twenty times as fre- 
quently in the Filipino and Negro as in the Caucasian. An exception is 
coccidioidal meningitis, which occurs more often in white-skinned 
patients. 


TREATMENT 


Adequate medical management of coccidioidal disease is based upon 
an understanding of these pathogenic manifestations (Table 1). This 
applies equally to medical or surgical methods of control. Completely 
effective therapy would involve: 


1. The control of severe primary coccidioidomycosis. 

2. The prevention of dissemination, or its arrest if it has occurred. 

3. The prevention of the development of residual pulmonary lesions (cavita- 
tion, solid densities [coccidioidoma], chronic abscesses). 

4, The control of locally extending pulmonary lesions of chronic type. 

5. In prevention: 

a. Adequate surgical coverage, to protect against the occasional severe 
postoperative complications related to pulmonary resections. 

b. Effective coverage against systemic spread of the infection during the 
removal or drainage of peripheral granulomatous lesions; i.e., abscesses, 
sinus tracts, necrotic lymph nodes and infected bone. 

c. Coverage for the patient with active coccidioidal disease who is receiving 
corticosteroid therapy. 

d. Protection of the pregnant patient who contracts primary coccidioidal 
disease. 

e. Control of extending or progressive coccidioidal disease in the diabetic 


patient. 


The discovery of amphotericin B,* reported in 1956 by Gold’ and 


* Amphotericin B was used as the preparation Fungizone prepared by E. R. 
Squibb & Sons. 
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Vandeputte, et al.*° provided for the first time a means toward effective 
therapy as outlined above. 
Amphotericin B is a yellow powder which is only slightly soluble in 
water. It is derived from Streptomyces nodosus, which was found in a soil 
specimen from the Orinoco River Valley of Venezuela. Its effectiveness 
against C. immitis in animals was described by Sternberg,” Steinberg,* 
and Halde."* Its use in patients was described by Littmann,'*:'* Seabury,”® 
Colwell,’ Utz,?8 Newcomer,” Klapper,!® Winn,*® Smith® and Einstein.* 
Its intravenous use requires dispersion with sodium deoxycholate in 
almost equal proportion. Since its discovery, it has continued to grow 
in stature as the first important antibiotic effective against not only 
C’. immitis, but also other pathogenic fungi which produce deep mycotic 
disease. Coccidioidal infection is more resistant and less responsive to 
the antifungal effect of amphotericin B than the other pathogenic fungi 
and more intensive and prolonged therapy is required for its control. 


Primary Coccidioidomycosis 


The troublesome side reactions and inherent toxicity of intravenously 
administered amphotericin B have caused it to be withheld except in 
severe coccidioidal infections. With experience, however, there is a grow- 
ing conviction that it should not always be so withheld but given in 
minimal total dosage of not more than 1.0 gm. for earlier control of 
severe primary coccidioidomycosis. If the patient is under one year of 
age and a member of a susceptible race, such early but minimal use of 
amphotericin B will deserve careful consideration. If the chest roent- 
genogram reveals extensive or persistent pulmonary involvement, with 
associated hilar and paratracheal lymphadenopathy, such treatment is 
indicated. Primary coccidioidomycosis occurring during pregnancy or in 
a diabetic would also merit amphotericin B therapy. It is conceivable 
that earlier treatment might prevent the development of some of the 
chronic pulmonary sequelae that follow primary pulmonary infection. As 
used in the treatment of primary coccidioidomycosis, however, intra- 
venous administration of amphotericin B has failed in several instances 
in the prevention of coccidioidal meningitis, which has appeared after 
such treatment was stopped. 

Serial chest roentgenograms are useful in estimating the severity of 
the infection producing the pulmonary changes of primary disease, and 
also the degree of activity of the infection in chronic residual lesions left 
by the initial pulmonary infection. Therefore, chest roentgenograms 
should be made every three months for at least a year after recovery. 
Serological tests, carried out at monthly intervals, are also necessary in 
the evaluation of activity of the infection. 

; Pulmonary lesions of residual type appear in about 5 per cent of pa- 
tients recovering from primary coccidioidomycosis, and are listed in 
Table 1, IB. These include cavitation, solid densities and chronic local- . 
ized abscesses. They are ordinarily not associated with a very high level 
of activity of the infection, and only occasionally does progressive disease 
result from such lesions. Any change in their roentgenographic appear- 
ance, as outlined under IC in the table, is important, but must be 
differentiated from actual dissemination.“ A rise or fall of the titer of 
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complement fixation provides an important guide in this respect. Such 
local activity, indicated by the waxing and waning of the roentgeno- 
graphic appearance of these pulmonary sequelae, may be controlled by 
short periods of intravenous amphotericin B therapy. Surgical excision 
may become necessary for elimination of an excavating coccidioidoma or 
a chronic coccidioidal abscess in the lung. Persisting or enlarging cavitary 
jesions are also true surgical problems. 


Disseminating Coccidioidomycosis 


Disseminating coccidioidomycosis (Table 1, II) is identified and defined 
by the associated systemic involvement and the accompanying sero- 
logical change (a rising complement fixation titer of 1:64 or more). 
Detailed description of the multisystemic and granulomatous changes 
produced by dissemination have been presented in the literature. ! 
Disseminating coccidioidomycosis can be of acute or chronic duration, 
and the effectiveness of amphotericin B in its arrest and the healing of 
many types of peripheral lesions and systemic involvement has been 
proved. With such treatment, the concomitant use of indicated and 
definitive surgical treatment, such as the drainage of abscesses, resection 
of sinuses, removal of infected bone and cauterization of verrucous or 
ulcerating skin lesions, is required. 


Case 80, Table 3, is illustrative. A 42 year old male Negro recovered from 
severe multisystemic dissemination after 41 weeks of intravenous administration 
of amphotericin B, and a total dosage of 11,480 mg. On admission this patient 
was markedly toxic, febrile, and unable to swallow due to a retropharyngeal 
coccidioidal abscess. Improvement began soon after initiation of intravenous 
amphotericin B therapy and partial surgical drainage of the abscess. Resection 
of the wing of the right ilium was performed 3 weeks after admission because 
of an osteolytic coccidioidal lesion of the bone. Clearing of a miliary pulmonary 
infiltrate followed, and there was healing of a verrucous skin lesion and regression 
of cervical lymphadenopathy. Examination of the lumbar fluid on admission 
had also disclosed a complement fixation titer of 4+ in a 1:16 dilution, and 
elevation of serum protein to 320 mg/100 ml. There was very little cytological 
response however, and the quantitative sugar did not recede from a level of 68 
to 98 mg./100 ml. Complement fixation remained positive for over 2 months on 
4 occasions, and then became negative. These findings, indicating possible 
coccidioidal meningitis, were reversed completely at the end of the sixth month 
after beginning intravenous amphotericin B. Roentgenograms made several 
months later also demonstrated healing of a destructive osteitis involving the 
bodies of the second and third lumbar vertebrae. Because of the severity of the 
dissemination, planned interval therapy (460 mg. of amphotericin B) was given 
intravenously 7 months after completion of the first course of treatment, again 
15 months later (840 mg.), and 25 months afterward (705 mg.). The patient 
remains well 32 months after the initial treatment period and all areas of previous 
involvement remain healed. There has been moderate loss of renal function, but 
he has resumed his previous occupation as an agricultural worker and the serum 
complement fixation titer has receded from a high value of 1:512 to a 1:32 
serum dilution. 


Coccidioidal Meningitis 
Coccidioidal meningitis, notoriously insidious in onset, usually occurs 
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as a single manifestation of dissemination from the initial pulmonary 
focus. Combined intravenous and intrathecal amphotericin B will be 
required in order to preserve life because, if the meningitis is untreated, 
the mortality approaches 100 per cent within one year after the onset.* 
A total intravenous dosage of not more than 5 gm. of amphotericin B is 
desirable, and treatment can then be continued with suppressive iIntra- 
thecal administration (via the cisterna magna) in place of such intra- 
venous therapy, and in order to minimize the nephrotoxic effect of 
amphotericin B. The intrathecal administration of amphotericin B can 
be carried out via the lumbar canal or the cisterna magna. The latter is 
preferred because it is closer to the base of the brain, which is the chief 
site of coccidioidal involvement of the meninges. This approach also 
avoids the subacute arachnoiditis (Froin syndrome) that frequently 
complicates continued injection of amphotericin B into the lumbar sac. 

The intensive treatment of coccidioidal meningitis requires a hospital 
regimen of combined intravenous and intrathecal amphotericin B ther- 
apy. Injections via the lumbar canal of not over 0.5 mg. can be given 
twice weekly, and alternating cisternal injections of the same dosage 
also given twice weekly. Such a regimen would call for intrathecal 
administration on four days of each week. Freshly made dilutions, using 
sterile distilled water, without preservative, and a concentration of 0.25 
mg. of amphotericin B per cc., are used in all intrathecal administration. 
The starting dose is 0.1 ec. of the above dilution and this is gradually 
increased until 0.5 mg. (2 cc. of solution) can be given without excessive 
discomfort. This minimal starting amount is important and the dosage 
is increased slowly until 0.5 mg. is reached. Beginning the injections in 
the lumbar canal also seems to increase drug tolerance in the cisternal 
area, and the first several injections are given at two or three day inter- 
vals via the lumbar sac alone, before starting the cisternal injections. 
These are also begun with the same starting dosage of 0.1 ec. At each 
injection the solution is diluted in the syringe with two or three times the 
volume of cerebrospinal fluid. There is recent evidence that diluting the 
lumbar injection with six to eight times the volume of spinal fluid results 
in better distribution of the antifungal agent.”° As a part of the autopsy 
findings on patient No. 57, who had received a total of 202 lumbar canal 
injections of amphotericin B and 83 injections into the cisterna magna, 
there was very little gross evidence of local change involving the meninges 
in the cisternal area. Apparently the subarachnoid space, defined as the 
cisterna magna, tolerates such local therapy without any permanent 
changes related to local or chemical irritation. This may be partly due 
to the low and diluted dosage of 0.5 mg. as administered. Cisternal 
injections are always followed by headache of variable severity. Sedation, 
including codeine, should be given before the procedure. If arachnoiditis 
appears in the lumbar area, then only cisternal injections are given twice 
weekly, and these can later be decreased to five day intervals. This 
regimen of intrathecal therapy is designed to secure reversion of comple- 
ment fixation within the spinal fluid, or to prevent its appearance in the 
patient who was negative from the first. When such serological reversion 
has occurred and there is a return of the quantitative protein, glucose 
and cell count values toward normal, the patient can be discharged to an 
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outpatient regimen of sustained suppressive cisternal therapy. This is 
necessary because of the tendency of coccidioidal meningitis to relapse, 
and consists of the weekly administration of 0.5 mg. of amphotericin B 
into the cisterna magna. Such treatment is compatible with ordinary 
occupational or school routines. This outpatient regimen should be 
maintained for at least three months and, if reversion of complement 
fixation has not occurred, continued until it takes place. Because ampho- 
tericin B is only fungistatic in action against C. immitis, it is possible that 
this type of suppression of C. immitis permits development of sufficient 
immune response by the host to accomplish actual healing. 

Primary extrapulmonary infection produced by C. immitis is unusual 
(Table 1, III), and is ordinarily followed by recovery.*° A short period of 
intravenous amphotericin B may become necessary along with local 
treatment of the primary cutaneous area of ulceration, using 3 per cent 
amphotericin B lotion or ointment. 


Summary of Indications for Intravenous and Intrathecal 
Amphotericin B 


The indications for intravenous amphotericin B are summarized in 
Table 2. It must be emphasized in referring to this table that no single 
clinical or laboratory finding can itself be an indicator for such therapy 
without consideration of the other factors listed. Each may modify the 
decision and make it either a matter of urgency, as in impending or 
full-blown dissemination, or a rather routine procedure in the prophy- 
lactic control of acute primary coccidioidal pneumonitis. An overall 
concept of the problem is required in each instance before committing 
the patient to a course of intravenous amphotericin B, and especially 


Table 2. Indications for Intravenous Therapy with Amphotericin B in 
Coccidioidal Disease 


1. Severe primary coccidioidomycosis with persistent fever, prostration, extending or 
persisting pulmonary involvement, hilar or mediastinal adenopathy, elevated 
erythrocyte sedimentation rate, leukocytosis over 15,000 and eosinophilia over 
15 per cent. 

2. Unstable serology, manifested by: 

[((a) Rising titer of complement fixation (above 1:64 dilution). 
|(b) Persisting precipitins. 
(c) Incomplete complement fixation. 

3. Evidence of spread of the infectious agent from the primary pulmonary focus to 
other systems, such as lymphatic, cutaneous, skeletal, pleuroperitoneal, cardiac, 
genitourinary or meningeal. 

4. A weak or negative skin reaction to coccidioidin (1:10 dilution). 

5. Racial susceptibility: Negro, Filipino. 

6. For surgical coverage, given 2 to 3 weeks before operation as in removal of large 
pulmonary cavities, destroyed areas of lung, ruptured cavities with threatened 
empyema, other excisional or drainage procedures, 1.e., removal of infected bone, 
gonads, lymph nodes, sinus tracts, drainage of abscesses. ; 

7. For prophylactic coverage when primary coccidioidomycosis occurs during preg- 
nancy or when active coccidioidal disease occurs in the diabetic. During adminis- 
tration of corticosteroids. 

wT a ae ee 
Italics in above indicates more important criteria. 
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before setting the total dosage. The factors itemized in Table 2 are the 
guideposts, any combination of which will, by proper interpretation, 
indicate the need for such specific antifungal therapy. For example, the 
persistence of serum precipitins alone, or the existence of a primary 
coccidioidal infection in a Negro or Filipino, would not in themselves be 
sufficient indication. But, given a Negro patient with primary coccidi- 
oidomycosis who is obviously toxic and ill and with a titer of complement 
fixation already at a 1:64 serum dilution, early intravenous ampho- 
tericin B would clearly seem to be needed. A maximal dosage of 5 gm. 
should not ordinarily be exceeded unless the infection is severe or has 
disseminated. The administration of over 10 gm. will gravely increase the 
likelihood of irreversible and toxic renal changes. The necessity to pre- 
serve life, however, would justify committing the patient to some loss 
of renal function. 

Our observations made with amphotericin B began in 1956 and were 
reported in 1959.% The effectiveness of this fungistatic agent against 
coccidioidal disease was reported at that time. Later studies have con- 
tinued to support these findings, and that the antifungal agent is effective 
against C. immitis when given either intravenously or intrathecally. It 
became apparent from the first that the treatment was not a simple 
procedure and some contriving was necessary to accomplish intravenous 
and intrathecal administration successfully. It was mandatory to mini- 
mize the accompanying side reactions in order to gain patient acceptance 
for the relatively long therapeutic period necessary for the control of 
severe coccidioidal disease. The recognition of the toxic manifestations 
that follow intravenous therapy became important and has required 
some moderation in the total dose administered. Our experience to date 
is aptly described by Wilson, who states, ‘‘Amphotericin B is more 
valuable than any drug previously tested extensively, although it is 
undesirably but not impractically toxic.’’?° 


Toxic Reactions to Amphotericin B 


The usual side reactions of chilling, febrile changes, nausea, vomiting 
and headache are most marked during the initial treatment period and 
become less in intensity as therapy proceeds. They are somewhat con- 
trollable by the slow administration of a gradually increasing increment 
of well-diluted amphotericin B (using 100 to 150 ce. of 5 per cent glucose 
in water per 10 mg. of amphotericin B). This is important, especially 
during the first two weeks and until reaching an average dose of 1 mg. 
per kg. body weight. Children have less side reactions and tolerate some- 
what higher dosage, but not exceeding 1.5 mg. per kg. The “cut-off” 
technique of intravenous administration is very useful, especially in the 
minimizing of severe chills and phlebitis (Fig. 1). 

Also effective in partial control of the side reactions has been the 
administration of hydrocortisone succinate, using a dosage up to 60 mg. 
for the average adult. In our experience 30 to 40 mg. has seemed sufficient 
in most instances. This can be given by intramuscular injection two 
hours before intravenous administration, or included with the ampho- 
tericin B solution (Bottle A, Fig. 1). In one patient critically ill with 
acutely disseminating coccidioidomycosis, recovery followed a total 
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water plus additives 


The clamp is used to 
alternate the flow of 
the solution from either 
bottle by changing it 
from one tube to the \ 


other. \ 
ao Clamp 


Fig. 1. A method for the control of phlebitis and side effects during intravenous 
administration of amphotericin B. A small needle (gauge 22 or 23) is used and intro- 
duced into a peripheral vein with a 2 cc. syringe (a special scalp vein set-up, available 
from Cutter Laboratories, Berkeley, California, is used in small children). This is 
connected to bottle B containing 150 cc. of 5 per cent dextrose in water. Bottle A, 
containing usually 500 to 800 cc. of 5 per cent dextrose in water, plus the desired dose 
of amphotericin B, is connected by a 20 or 21 gauge needle into the terminal portion 
of the bottle B tubing. The following additive may be included in this solution of 
amphotericin B in bottle A: Heparin sodium, 10 to 20 mg. Chills during and following 
the intravenous administration of amphotericin B are minimized by: (1) Extra 
blanket (electric) or hot water bottles. (2) By 15 minute “‘cut-off’’ technique. Clamp 
is changed by the nurse from bottle A tubing to bottle B tubing every 15 minutes for 
a period of 2 to 3 minutes. Shaking bottle A during the cut-off period prevents any 
tendency for the solubilized suspension to settle into the neck of the bottle and pro- 
duce undesirable concentration. This procedure also minimizes phlebitis by washing 
out the vein periodically. If a chill develops, this method permits continuation of 
intravenous administration, giving only bottle B (5 per cent dextrose in water) 
slowly, until the chill subsides, and then restarting amphotericin B by changing the 
clamp. Premedication, usually necessary in the early course of intravenous treatment 
and given 30 minutes beforehand, may include 5 to 10 gr. acetylsalicylic acid (repeated 
in 2 hours) and/or 25 to 50 mg. of diphenhydramine hydrochloride (Benadryl). 
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intravenous dosage of 7781 mg. of amphotericin B, plus hydrocortisone 
succinate given daily ina dosage of 100 to 300 mg. and over a period of 
three months. Despite the severity of her illness, this patient remained 
relatively free of distressing side reactions during the period of intensive 
intravenous therapy. A period of considerable discomfort followed with- 
drawal of the corticosteroid until the depressed adrenal function returned 
to normal. Saliba,” who used intravenous amphotericin B in 22 patients, 
also reports great improvement in the control of toxic reactions by the 
use of 20 mg. of hydrocortisone daily. Tynes et al.*” have recently re- 
ported a reduction of 22 per cent in the objective side reactions produced 
in patients under amphotericin B therapy by the concomitant use of 
hydrocortisone. They did note that there was striking variation, however, 
from one patient to another. Most notable was reduction in the frequency 
of fever, chills and nausea. Their observations were limited to a group of 
22 patients, who received 112 to 160 treatments in different phases. 
Only one of their patients had coccidioidal disease. Recent studies" 
suggest that purification of amphotericin B may reduce the severity of 
side reactions. A particular lot of amphotericin B in which the impurities 
were reduced to 8 per cent, and no amphotericin A was present, produced 
less severe side reactions and less local chemical irritation on intrathecal 
administration. 

The three chief toxic manifestations following intravenous therapy 
include: 

1. Lowering of hemoglobin and red cell values, which varies among 
patients. In part this may be due to interference with the transferrin 
system. Transfusions are required for correction. 

2. Hypokalemia, which is not uncommon, and requires correction by 
the intravenous or oral administration of potassium during the thera- 
peutic period. 

3. Nephrotoxicity which is of greater importance than either of the 
above. In 1962 Sanford and his associates?’ stated that in three renal 
biopsy studies marked pathologic changes were demonstrated, including 
nephrocalcinosis, in the kidneys of patients treated with amphotericin B. 
Inulin clearance tests and renal plasma flow studies were confirmatory of 
related functional loss. In 1960, Beard and his associates? reported that 
“Amphotericin B has a definite suppressive effect on normal renal 
physiology.” ‘They believed that this was only temporary and cleared 
rapidly following completion of therapy. Also in 1960, Rhoades*! showed 
that there was significant lowering of inulin and para-aminohippurate 
clearance values. He felt that in three renal biopsy studies histologic 
findings were consistent with the observed alterations in renal function 
and concluded that, although permanent renal damage due to ampho- 
tericin B could not be shown, recovery after amphotericin B was dis- 
continued was not as prompt or complete as previously believed. 

In a study of 100 patients who received intravenous amphotericin B 
(Table 3); there appears to be a relationship between the degree of 
nephrotoxicity and the total amount of amphotericin B administered. It 
is probable that amphotericin B, due to its insoluble nature, is retained 
in certain body tissues over long periods. The greater the dosage, the 
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longer the duration of the toxic effect. In our earlier observations it was 
felt that blood urea nitrogen determinations were sufficient in measuring 
the degree of renal impairment that was occurring. It was learned later 
that false reassurance was given by these values, especially when they 
subsided after the usual rise during the initial period of treatment. It has 
become apparent that a much more reliable criterion for estimating the 
nephrotoxic effect is available in the measurement of serum creatinine 
clearance per minute.*® Such conclusions are supported by study of the 
data derived from the 100 patients who received various doses of the 
fungistatic agent. The depression of creatinine serum clearance occurring 
during treatment, and its slow return toward normal values following 
cessation of amphotericin B, is indicative of the retention of the anti- 
biotic, or its catabolic products, in the tissues. Continued depression of 
the clearances, and particularly falling values long after discontinuation 
of intravenous administration of large doses of amphotericin B, indicates 
serious and progressive loss of renal function. This is illustrated in Cases 
57, 58 and 70 (Table 3). Of these three patients, No. 57 died of renal 
insufficiency 1414 months after receiving 14.275 gm. of amphotericin B. 
Patient No. 70 has continued to show progressive decrease of creatinine 
clearances nine months after treatment was stopped, which included a 
total dosage of 16.785 gm. Patient No. 58 is alive, after receiving 21.520 
gm. of amphotericin B, because of a successful renal transplant done on 
December 12, 1962 by Drs. Joseph E. Murray, J. Hartwell Harrison and 
John P. Merrill at the Peter Bent Brigham Hospital in Boston. The renal 
lesions observed in two patients (No. 57 and No. 58) resemble one another 
and consist of epithelial cell proliferation and increased density of the 
glomerular tuft, focal atrophy and calcification of the distal portion of 
the nephron, and interstitial edema and fibrosis. Irreversible alterations, 
in the pattern described, occur with little or no reduction in the size of 
the kidneys. These findings are described in more detail by Reynolds, 
Tomkiewicz and Dammin on page 1149 of this publication. 


Oral Therapy with Amphotericin B 


Oral amphotericin B has limited use in the treatment of coccidioidomycosis. 
Absorption from the gastrointestinal tract is so little that demonstrable levels 
in the blood serum do not ordinarily follow. Baum and Schwartz! reported on 
the use of as much as 4 gm. of amphotericin B daily by mouth without detectable 
blood levels. These workers used the relatively insoluble 200 mg. amphotericin B 
tablets. Campbell and Hill? and Kravetz et al.” reported unsuccessful attempts 
to use amphotericin B by stomach tube instillation in 9 patients. Only low blood 
serum levels were obtained and the results were variable due to the marked 
systemic reactions of diarrhea, vomiting and nausea that interfered with this 
method of administration. Groel states that, despite poor and inconsistent 
absorption of amphotericin B from the intestinal tract, definite therapeutic 
responses have been obtained in several cases of North American blastomycosis, 
which have primarily cutaneous lesions. These have shown response despite the 
apparent absence of a significant blood level. In 1957, Fiese* described improve- 
ment in a patient with extensive coccidioidal granuloma of the face following 
the daily use of 2.4 gm. of oral amphotericin B for a total dosage of 200 gm. 
There was accompanying regression of the titer of serum complement fixation. 
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Table 3 (Footnote 1). Indications for Intravenous Amphotericin B 
(An explanation of the coding used in Table 3) 
CS SS eee 


J. Severe Primary CoccrpioIpomycosIs ; 
For example: Titer of complement fixation remaining at 1:64 or below, in a 
racially susceptible person, with a hazardous type of infection; i.e., C. ommuitis 
in pleural fluid 

Il. ImpEnpInG DISSEMINATION : ; ; 
For example: Titer of complement fixation at 1:64 or higher, in a racially 
susceptible person with severe illness 

III. DisseMINATING CoccIDIOIDOMYCOSIS 
1. Early (single peripheral or early systemic involvement) 
2. Severe (multisystemic involvement) 
3. Meningitis 

IV. ResipuaL PutMonary DISEASE 
1. Cavitation, solid densities, coccidioidoma, chronic abscesses 
2. Extending pulmonary lesion 

VY. AMPHOTERICIN B CovERAGE 
1. Surgical patient 
2. Pregnancy patient 
3. Other conditions; i.e., during corticosteroid therapy 


DISCUSSION 


Data derived from the follow-up of the 100 recipients of intravenous 
amphotericin B is based upon the results of such treatment for active 
and serious types of coccidioidal disease. The effectiveness of ampho- 
tericin B is shown, and it retains its importance as the only available 
antifungal agent of proven value for the control of coccidioidal disease. 
In these 100 patients, there have been only three deaths related to the 
disease process and these were due to coccidioidal meningitis (Nos. 9, 18 
and 27). A fourth death (No. 57) resulted from severe renal insufficiency 
which followed a high dosage of intravenous amphotericin B adminis- 
tration. Another patient (No. 58) also would have died from nephrotoxic 
changes, but is alive because of the successful renal transplant previously 
mentioned. Both patients (Nos. 57 and 58) had received large doses of 
intravenous amphotericin B for severe coccidioidal meningitis. A third 
patient (No. 70), who also received 16.75 gm. of amphotericin B for a 
chronic form of coccidioidal meningitis, has had no additional intra- 
venous treatment for nine months. Because of decreasing serum creati- 
nine clearances (Cer = 22 ml./min. on 3/8/63), he now has a definitely 
limited outlook. Our observations indicate that the earlier substitution 
of suppressive intrathecal injections of amphotericin B into the cisternal 
canal, in place of intravenous administration, might have arrested the 
coccidioidal meningitis in these three patients and lessened the total 
dosage of amphotericin B necessary and with less nephrotoxicity. 

In Table 4, it will be noted that although the loss of renal function is 
predicated upon relatively simple types of laboratory criteria (see Foot- 
note 2), that such patient grouping by the degree of toxicity manifested 
by loss of renal function, bears a definite relation to the total dose of 
intravenously administered amphotericin B. Those patients, comprising 
the majority of the group, who received less than 2 gm. have no detect- 
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Table 4. A Group of 100 Patients Showing Relation Between Total Dosage 
of Amphotericin B and the Effects Upon Renal Function 
(As of March 1963) 


ee ne ee ee ee 


FOLLOW-UP PERIOD AFTER TERMINATION OF INTRAVENOUS 


TOTAL AMOUNT OF AMPHOTERICIN B THERAPY 


AMPHOTERICIN B 
ADMINISTERED 
INTRAVENOUSLY 6to12 12 to 24 Over 48 

3+06months months months 24 to 48 months months 


a nS ee 


Under 1 gram AAAAAAAAAA AAA AAA AAAA AAAAA 
B 
1 to 2 grams AAA AA AAAAAAA AAAAAAAA AAAA 
BB B BB B 
2 to 5 grams A 
B AAAA AA AAAAAAAAAA AAA 
Cc B BB B 
D 
5 to 10 grams BBB AA 
C BB B 1D) 
10 to 20 grams CC B 
DD E 
Over 20 grams E 


See Table 3 (Footnote 2) for explanation of patient groups by laboratory criteria. 


able, or slight loss of renal function. It is also doubtful that additional 
follow-up will show any increase of the loss of function that has occurred 
in those who have received less than 5 gm. (Exception: Patient No. 90, 
a 10 year old boy). It is probable that those patients who required a total 
intravenous dosage of 7 to 10 gm. will be left with permanent but partial 
loss of renal function. The outlook for the four living patients who re- 
ceived over 10 gm. is more guarded. In patient No. 18, who received 
10.37 gm. and died of coccidioidal meningitis 314 years ago, histologic 
proof of moderately severe renal Gamage was obtained. 


SUMMARY 


A concept of the pathogenesis of coccidioidomycosis is presented, and 
the diagnosis and treatment of the various stages of the disease process 
discussed. Amphotericin B remains the only antifungal agent available 
that is effective against C. immitis. One hundred patients who received 
amphotericin B for serious types of coccidioidal disease are reviewed. 
The generally favorable results of amphotericin B therapy are shown. The 
control of side reactions that accompany intravenous administration are 
described, including the use and effectiveness of hydrocortisone. The 
development of nephrotoxic changes is discussed in relation to the total 
dosage of amphotericin B administered intravenously. Better evaluation 
of such changes during therapy is obtained by serum creatinine clearance 
values than through blood urea nitrogen determinations. The long-term 
intravenous therapy used previously for coccidioidal meningitis can be 
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shortened by substitution of intrathecal therapy and with lessened 
nephrotoxic changes. The value of intrathecal therapy via the cisternal 
canal is described. More detailed data covering the diagnosis and treat- 
ment of coccidioidal meningitis will be presented in a forthcoming report. 
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RENAL TOXICITY associated with the administration of amphotericin B 
for treatment of systemic mycoses is characterized by hyposthenuria, 
uremia and decreased inulin and para-aminohippuric acid (PAH) clear- 
ances.!: 2, 8, 10, 14, 16, 18 These changes are associated with the deposition 
of calcium in renal tubules.*: *: ” Such toxic side effects are considered 
reversible when relatively small cumulative total doses (less than 7 gm.) 
of the antifungal agent are employed, since renal function tends toward 
normality upon cessation of therapy.’’?: 1°? 18 Larger doses administered 
over longer periods may, however, result in irreversible renal insuff- 
ciency. 1% 

The two cases presented here* are significant in that they demonstrate 
the distinctive pathological features of the renal lesion resulting from 
the administration of large total doses of amphotericin B. 


* Patients 8.L. and F.C. are Patients 57 and 58, respectively, in Dr. Winn’s report'® 
which appears in this issue. 


This study was supported in part by grants from the National Heart Tnstitute, 
National Institutes of Health, U. S. Public Health Service, and a contraet with the 
U.S. Army Medical R & D Command. Dr. Reynolds is a Special Fellow (GSP-7309) 
of the Division of General Medical Sciences, National Institutes of Health. 
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Clinical Summaries 

F.C. is a 23 year old man of Mexican lineage who developed pulmonary 
coccidioidomycosis in October, 1958, at which time treatment with amphotericin 
B was instituted. In January, 1959, meningeal involvement appeared. In the 
course of 3 years from the onset of his illness he received over 21 gm. of ampho- 
tericin B intravenously, and 171 mg. intrathecally. The last course of intravenous 
drug treatment ended in December, 1961, at which time the blood urea nitrogen 
was 39 mg. and the serum creatinine was 3.1 mg. per 100 ml. Without further 
drug therapy, the renal insufficiency progressed and in June, 1962, the blood 
urea nitrogen was 110 mg. and the serum creatinine 6.3 mg. per 100 ml. At this 
time, the patient was noted to be hypertensive. In November, 1962, upon 
admission to the Peter Bent Brigham Hospital, the blood urea nitrogen was 
225 mg. and the creatinine 14.4 mg. per 100 ml. Serum antinuclear antibody was 
negative, and the antistreptolysin ‘“O” titer less than 100 units. In December, 
1962, the patient’s right kidney was removed at the time of transplantation of 
a kidney from his mother. The left kidney was removed several weeks later. At 
the time of this writing, 5 months from the time of transplantation, the patient’s 
clinical condition is good and the blood urea nitrogen is normal.’ 

S.L. This patient was a 20 year old man of Mexican lineage who developed 
pulmonary coccidioidomycosis in May, 1959. In July, 1959, he was found to 
have meningeal involvement. Initially there was a good response to intravenous 
and intrathecal amphotericin B. However, relapses occurred and repeated 
courses of therapy were required. By November, 1961, the patient had received 
over 14 gm. of amphotericin B intravenously and 162 mg. intrathecally. During 
the year following cessation of drug therapy, the serum creatinine rose from 
2.8 mg. to 18 mg. per 100 ml. Hypertension was observed during this period 
and in February, 1963, the patient was noted to have a blood urea nitrogen of 
228 mg. per 100 ml., was admitted to the hospital because of acute pulmonary 
edema, developed convulsions and died. 


Pathological Findings 


The kidneys of both patients were similar and showed but little reduc- 
tion in size. Those of F.C. weighed 129 and 163 gm., and those of S.L. 
170 and 180 gm. Their capsules were adherent and when stripped 
revealed finely granular, pale yellow-tan cortical surfaces. The cortex 
was slightly reduced in width and contained gray-white radial streaks. 
Green-brown deposits extending into the cortex were noted at the 
corticomedullary junction of the kidneys of F.C. (Fig. 1, 1) The cut 
surfaces of these kidneys were also unusually moist. 

Microscopic examination of kidneys from both patients reveals an 
essentially identical lesion. Subcapsular glomeruli are small, fibrotic and 
hyalinized (Fig. 1, 2). Subjacent to this zone, the outer cortex appears 
compact with normal size glomeruli but tubules have reduced cross 
sectional areas. Glomeruli are enlarged, hypercellular and have thickened 
basement membranes in the vascular tuft in the juxtamedullary portion 
of the cortex (Fig. 1, 2, 3). Adhesions between visceral and parietal 
layers of Bowman’s capsule are often noted in hypertrophic juxta- 
medullary glomeruli (Fig. 1, 3). (Hypertrophic glomerular changes are 
more pronounced in the kidneys of 8.L.) Associated tubular components 
are lined by tall epithelium and have dilated lumens in this zone and in 
the medulla (Fig. 1, 2). Arcuate and interlobular arteries and afferent 
and efferent arterioles appear normal. 
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’ Calcium deposits are prominent within tubules and interstitial tissue 
in the cortex along the borders of the medullary Pe Vicm iia ne 
These deposits, which are nonrefringent, have the characteristic staining 
reactions of calcium phosphate, and may appear as fine granules within 
lumens of tubules containing remnants of epithelial cells (Fig. 1, 4). 
Adjacent tubules are completely replaced by irregularly round homo- 
geneous deposits of calcium phosphate (Fig. 1, 4). Dense proteinaceous 
casts within tubular lumens and tubular basement membrane thickening 
are also prominent, particularly in the medullary rays. Increased loose, 
edematous interstitial tissues are noted in these areas. 

Abundant yellow-brown ceroid pigment is present in the tubular 
epithelium of the cortex of the kidneys of patient F.C. Iron and lipid 
are found in other portions of the tubules in kidneys of both patients. 

No localized accumulations of the patient’s own globulins were found 
when frozen sections of the kidneys of patient F.C. were treated with 
fluorescein labeled anti-human globulin. 

The continued presence of amphotericin B in the kidneys of patient 
F.C. was determined as follows: minced, fresh-frozen kidney was 
lyophilized and extracted several times with diethylether to remove the 
bulk of the lipids. The residue was then extracted two times with 
dimethylsulfoxide or methyl alcohol, and the absorption spectra of these 
extracts determined in a Beckman DU spectrophotometer. Under these 
conditions, amphotericin B has a characteristic absorption spectrum 
with peaks at 363, 382 and 405 u.'7 Methanol extracts of kidneys of F.C. 
had absorption spectra with peaks at 360, 382 and 405 uw. Similar peaks 
were also observed in dimethylsulfoxide extracts. These peaks were not 
observed following extraction of control human kidneys obtained at 
autopsy, nor were they found in extracts of kidneys of S.L. which had 
been previously fixed in formaldehyde for some weeks prior to lyophi- 
lization. 

The material presumptively identified as amphotericin B in solvent 
extracts of kidneys of patient F.C. is present in such minute amounts 
(less than 0.5 wg./gm. kidney) that further isolation and identification 
was not attempted. 


DISCUSSION 


Amphotericin B, a polyene antifungal antibiotic isolated from Strepto- 
myces sp., is insoluble in water and most organic solvents.'” In order for 
it to be maximally effective for the treatment of systemic mycotic 
infections, the drug is solubilized by the addition of deoxycholate and 
administered intravenously.®: !8 Blood levels are well maintained follow- 
ing administration by this route, amphotericin B being gradually 
excreted by the kidney.® Following intravenous administration of large 
amounts, detectable levels of amphotericin B may remain in body tissues 
for long periods of time as demonstrated by the presence of minute 
amounts of spectroscopically demonstrable amphotericin B in the kidneys 
of F.C. one year after the cessation of treatment. That the drug is stored 
in body tissues and continues to act on the kidney long after the last 
dose has been administered where large total doses have been given, 1s 
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dial section of kidney of patient F.C. Renal capsule is at the left; 
medulla at right. The large vascular structures in the center are at the corticomedul- 
lary junction. Medullary rays (large arrows) are dark due to the presence of calcium 
deposits within them. Note atrophy in the peripheral cortex and the dilated tubules 
at the corticomedullary junction and in the medulla. Formol fixation, H & E(x 10). 
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indicated also by the clinical progression of the renal insufficiency and 
the active proliferative glomerular lesion and the pattern of tubular 
calcium deposition observed in the cases described herein, The transiency 
of renal lesion pursuant to the administration of smaller total amounts of 
amphotericin B may be dependent upon the ability of the body to rid 
itself of the drug before kidney function is permanently compromised. 

Sensitization to the drug appears to have no role in the pathogenesis 
of the renal insufficiency resulting from the administration of ampho- 
tericin B. No deposits of the patient’s globulin were identified in the 
kidney of patient F.C. using fluorescein labeled anti-human globulin, 
and there were no demonstrable antinuclear antibodies in the serum of 
this patient. 

The singular involvement of the juxtamedullary glomeruli by hyper- 
plastic and inflammatory changes appears unique when viewed as a result 
of drug toxicity, particularly since glomeruli located more peripherally 
in the cortex do not show these changes. On the other hand, glomerulo- 
nephritis of man and nephrotoxic nephritis in the experimental animal 
have been observed to present selective involvement of the juxta- 
medullary glomeruli." Calcium deposition in portions of the distal 
nephron in the cortex adjacent to medullary rays is a second distinctive 
feature of the renal lesion associated with amphotericin B therapy.t: ” 
Such a location is similar to that found in experimental animals following 
the administration of parathormone.” 


SUMMARY 


The renal lesions are described in two patients treated with large total 
doses of amphotericin B for coccidioidomycosis. The lesions are similar 
in that: (1) chronic and progressive renal insufficiency has resulted in 
kidneys which were not significantly reduced in size, (2) there is a slight 
reduction in cortical width, with an increased prominence of interstitial 
tissue due to edema and fibrosis, (3) a glomerulonephritis type of pattern 
involves the juxtamedullary glomeruli, and (4) there are abundant 
deposits of calcium within tubules of the distal portion of the nephron 
adjacent to the medullary rays. The chronic or late renal lesion which 
follows amphotericin B therapy appears to be dose-related, chronic renal 
insufficiency progressing after cessation of therapy when the antifungal 
agent is given in large total amounts. In both cases, the lesions appeared 


2, Radial section of kidney of patient S. L. Renal capsule at the left; cortico- 
medullary junction at right. Calcium deposits are present in medullary rays (large 
arrows). Glomeruli (G) vary in size from small fibrotic whorls in the atrophic portion 
beneath the capsule to hypertrophied tufts and tubular components at the cortico- 
medullary junction. Formol fixation, H & E (X 22). 

3, Enlarged glomerulus (600 » diameter) from kidney of patient 8. L. Epithelial 
cells are prominent. Vascular tuft is enlarged. Adhesions between visceral and parietal 
layers of Bowman’s capsule are indicated by arrows. Increased loose connective tissue 
surrounds adjacent tubules. Formol fixation, PAS ( x 80). 

4, A portion of renal corticomedullary ray of patient F. C. Granular calcium 
deposits in the upper half of the figure occupy tubular lumens. Arrows indicate 
remnants of epithelium in these tubules. The large oval calcium deposit in the lower 
half of the figure is not associated with tubular epithelium in the plane of section. 
Buffered osmium tetroxide fixation, Toluidine Blue 0-Alizarin Red S ( X 300). 
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active at the time the kidneys were examined, and in one, traces of 
amphotericin B were found one year after cessation of treatment. 
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ACUTE respiratory disease continues to be man’s most common illness. 
Although not usually associated with dramatic mortality figures, except 
during epidemics of influenza, it is an outstanding leader in the various 
parameters of morbidity. In the United States in a 12 month period 
ending June, 1959, there were 367.9 million acute conditions involving 
medical attention or one or more days’ restriction of activity. Of these, 
215.3 million (58.5 per cent) were due to acute respiratory illnesses, 
two-thirds of which were diseases of the upper respiratory tract.% A 
continuing study of acute conditions reveals the persistence of this 
relationship, and also shows the well established seasonal relationship 
of acute respiratory disease with the colder months (Fig. 1). 

Acute respiratory disease is the foremost cause of time lost from work, 
accounting for approximately five and a half days per year per employed 
person, or about one-third of all time lost. Likewise, it is the leading 
cause of school days lost. In a long-term study of patterns of illness 
among University of Wisconsin students in both clinic and hospital 
populations, acute infections of the respiratory tract outnumbered all 
other causes of illness by a substantial margin.“ 

Information gathered from sources such as the above does not tell the 
entire story, however, because it does not include morbidity experienced 
without time lost or that not requiring medical attention. Since the 
studies of Dingle et al.,* involving close observation of a study population 
over a prolonged period of time, the complete picture of acute respiratory 
illness is becoming apparent. Members of the families observed by these 
investigators suffered an average of approximately six respiratory ill- 
nesses per year, and these accounted for approximately two-thirds of all 
the illnesses experienced. Their findings have been confirmed by more 
recent studies in both children and adults. Valadian et al.® followed 134 
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Fig. 1. Incidence of acute conditions per 100 persons per quarter in the United States. 
(Reprinted with permission of National Health Survey.*?) 


“healthy” children from birth to 18 years, and found that acute respira- 
tory illnesses constituted a remarkable 83 per cent of the total illness 
experienced by the group during this period. At all ages, the percentage 
of total illness was high, with the pre-school period giving the highest 
rates and infancy next. There was a higher percentage of severe respira~ 
tory infections in the younger ages, from infancy to ten years. This study 
also showed that, in general, children remained relatively constant in 
their susceptibility to respiratory infections, some of them being rela- 
tively “cold prone.”’ 

McNamara et al.*® followed ten “healthy” adults over a nine month 
period. Acute respiratory symptoms accounted for 47 per cent of all 
symptoms experienced, and there were 4.5 diserete episodes of acute 
respiratory disease per person during the nine month period. It was noted 
that the acute episodes were of a relatively mild, afebrile nature, and 
that, in the well-motivated group studied, absenteeism was low. 

Against this background of plenty, in the form of disease, there has 
been in the past a scarcity of etiologic agents. Grieble et al.1” reviewing 
the subject as recently as 1958, assigned the etiology of acute respiratory 
disease in adults as follows: 5.7 per cent streptococcal, 13 per cent known 
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Table 1. Acute Respiratory Disease Viruses 


SSS eee 
Myxovirus 
Influenza: types A, B, C 
Parainfluenza: types 1, 2, 3, 4 
Adenovirus: types 1-7, 14, 15, 21 
Respiratory syncytial virus 
Picornavirus 
Coxsackie, Group A: types 2, 4, 5, 6, 8, 10, 21 (Coe) 
Rhinovirus: types 30 plus 
Reovirus: types 1, 2, 3 (? cause of respiratory disease) 


eee 


viral, and 81.3 per cent unknown viral. In reviewing the progress that 
has been made in the last few years, it will be seen that the virology of 
acute respiratory disease is undergoing revolutionary growth. There are 
now nearly 100 known viruses that have been demonstrated to be capable 
of producing respiratory symptoms, and approximately 50 different types 
that now can be considered to be major respiratory viruses. 

It has been known for some time that many viruses not considered 
primarily as respiratory viruses can cause symptoms of acute respiratory 
disease. A list of these would include varicella, variola, rubeola, rubella, 
mumps, polio, coxsackie, ECHO and salivary gland virus. The early, 
and sometimes only, symptoms of infection with these viruses may be 
respiratory, and they qualify as respiratory viruses since they usually, 
or sometimes, are spread by the respiratory route. However, their 
major manifestations appear elsewhere, and they are not usually thought 
of as “cold viruses.” 

The most important human respiratory disease viruses known at 
present are listed in Table 1. Influenza, the first respiratory disease 
virus to be isolated and studied, is considered in a separate section of this 
publication; the others are reviewed briefly in turn. 


PARAINFLUENZA VIRUSES 


The first virus related to this group was isolated in Japan from a mouse in 
1953 and called Sendai agent. In 1955, a parainfluenza virus was first associated 
with human disease, being isolated from children with croup.’ These viruses 
have the characteristics noted in Table 2. Because of the variability of their 
cytopathic effect in tissue cultures, work with them has depended on the fact 
that erythrocytes adsorb to the surface of tissue culture cells infected with 
these viruses. 

Parainfluenza viruses are isolated from the respiratory but not the gastro- 
intestinal tract. Four serotypes are known, although isolations of type 4 have 
not been frequent. Parainfluenza virus infections are worldwide.* ° Similar 
agents also infect various animal species, and a type 3 parainfluenza virus has 
been shown to produce “shipping fever’ in cattle. 


The relationship of these viruses to human respiratory disease has 
been established in both children and adults.” “ Infections with type 3 
are extremely common, and usually occur earlier in life than infections 
with types 1 or 2. Almost all adults show evidence of having had pre- 
vious infections with types 1 and 3. Type 1 and 3 infections occur 
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Table 2. Parainfluenza Viruses 
ee a ee ee 


CHARACTERISTICS CLINICAL SYNDROMES 

Vs hs Se ee 
Size: 90-200 millimicrons in diameter Types 1 and 3 Children: coryza, pharyn- 
Type of nucleic acid: RNA gitis, bronchitis, bronchiolitis, broncho- 
Variable cytopathic effect pneumonia and croup 

Growth in chick embryo Adults: coryza 

Ether sensitive Type 2 Children: croup and acute non- 
Acid labile (pH 3.0) specific febrile illness 

Soluble type—specific antigens Adults: coryza 


Hemadsorption phenomena 
Agglutination of erythrocytes of certain 
species (human, guinea pig, chicken) 


throughout the year, while type 2 infections have been more sporadic in 
occurrence. The incubation period for type 1 infection is five to six days, 
and for type 3 is two to three days. 

In children, these viruses produce a spectrum of clinical illness includ- 
ing rhinitis, pharyngitis, bronchitis, bronchiolitis, bronchopneumonia 
and croup. There is good evidence that initial infection with these agents 
leads to more serious lower respiratory tract infection, while reinfection, 
which occurs both in children and adults, is more apt to cause a coryza- 
like illness.*4 Earlier studies had linked type 2 infections in children 
almost exclusively with croup,** and although this virus is, undoubtedly, 
an important cause of croup, recently it has also been shown to produce 
an acute nonspecific illness in children without predominant respiratory 
symptoms.*? 

In adults, parainfluenza infections have been associated with upper 
respiratory tract disease of the common cold type.” “ Inoculation of 
adult volunteers with type 3 resulted in production of a cold-like ill- 
ness with mucoserous nasal discharge, nasal obstruction, sneezing and 
dry cough.*! The volunteers all had pre-existing neutralizing antibodies, 
indicating that previous experience with this virus leads to a state of 
partial immunity which prevents severe but not mild acute respiratory 
illness. 


ADENOVIRUSES 


Respiratory disease has always been of interest to the military because 
of its obvious adverse effect on military efficiency, especially recruit 
training programs. Some of the roots of current progress arise from 
experiences encountered during World War II. At that time, the Com- 
mission on Acute Respiratory Diseases! described a grippe-like syn- 
drome, ARD (acute respiratory disease) which could be distinguished 
clinically and epidemiologically from the common cold. However, no 
etiology could be established at that time. In 1953 Rowe et al.*" isolated 
the first adenovirus from tissue cultures of human adenoids undergoing 
spontaneous degeneration, and shortly after this Hilleman and Werner?! 
recovered an adenovirus from military recruits with ARD. With this, 
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Table 3. Adenoviruses 
ee ee 


CHARACTERISTICS CLINICAL SYNDROMES 
Se BE a ed ee 
Size: 60-80 millimicrons in diameter Types 1, 2, 5, and 6—Upper and/or ? 
Shape: icosahedron lower respiratory tract disease, pri- 
Type of nucleic acid: DNA marily in children and infants 
Characteristic cytopathic effect Types 3, 4, 7, 14 and 21—ARD in military 
Ether-resistant recruits 
Acid stable (pH 3.0) Type 3—Pharyngoconjunctival fever, 
Soluble group-specific antigen predominantly in children 
Soluble type-specific antigens Type 8—Hpidemie keratoconjunctivitis 
Agglutination of erythrocytes of certain Types 3, 6, 7, 10, 15, 16, 17 and possibly 

species (rat and/or monkey) others—Acute follicular conjunctivitis 


Types 1, 2, 3, 5, and 6—? etiologic associ- 
ation with mesenteric adenitis and 
intussusception in infancy 


use of tissue cultures for the study of respiratory viruses had its effective 
inception. 


Adenoviruses have the properties shown in Table 3. Currently there are 28 
known human types, and other types have been isolated from several species of 
animals. On the basis of production of disease, cytopathic effect in cell nuclei, 
some characteristics of growth, and hemagglutinating ability,* human adeno- 
viruses can be roughly placed into two groups. In the first group are types 1, 2, 
5 and 6, which are commonly found latent in adenoids and tonsils, and are 
common infecting agents in young children. The significance of their overall 
contribution to acute respiratory disease is probably not great, but in the 
younger pediatric age group they may be common causes of mild respiratory 
illness.4 Fatal adenovirus infections in infants and young children have been 
reported,’ although widespread confirmation of this is lacking at present. 

Recently, evidence has been accumulated to suggest that these agents play 
an etiologic role in the production of mesenteric adenitis and intussusception in 
infancy.16 The common occurrence of infection with these agents without 
apparent related clinical illness makes such a relationship hard to establish. 
Evidence for their ubiquity is found in serologic studies of various populations, 
which show that infections with types 1 and 2 are common in infancy, and 
progressive in frequency throughout childhood. The same epidemiologic pattern 
holds true for types 5 and 6, but to a lesser degree. 

In the second group, consisting of types 3, 4, 7, 14 and 21, a significant asso- 
ciation has been established with acute respiratory disease (ARD) in military 
recruits in many parts of the world. 57 Also, type 3 has been associated with 
outbreaks of pharyngoconjunctival fever which, although similar on clinical 
erounds, has a slightly different epidemiologic setting, occurring most often in 
children in summer camps or similar settings. 


The clinical picture presented by adenovirus infection in the recruit 
population, although not subject to differentiation on an individual basis, 
nevertheless is somewhat distinctive in the full-blown case. The picture 
is that of incapacitating malaise associated with significant fever, 


* Type 4 is an exception in regard to hemagglutination. 
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pharyngitis and a racking, persistent cough, eventually productive of 
mucopurulent sputum. Headache, myalgia, rhinitis, conjunctivitis and 
laryngitis are frequently present but overshadowed by the more distress- 
ing symptoms first noted. Because the acute pharyngitis frequently 1s 
accompanied by marked erythema of the mucous membranes and the 
presence of exudate, a throat culture is necessary to exclude beta- 
hemolytic streptococeal infection. A similar problem in differential 
diagnosis may occur in civilian populations experiencing an outbreak of 
pharyngoconjunctival fever. Temperature not infrequently ranges as 
high as 103° to 104° F. and fever lasts about five days. Rhonchi and 
coarse rales are common physical findings, and approximately 15 per 
cent of patients will have radiographic evidence of pneumonia. However, 
this percentage is open to some question at present, and should be 
clarified by further studies with Eaton PPLO. Incidence of significant 
illness in recruit populations due to adenovirus has been reported 
from 38 to 74 per cent, and it is undoubtedly an important agent in this 
setting. Milder and subclinical adenovirus infections also occur in a 
large percentage of recruit populations not seeking medical attention. 
Unlike the first group, the second group of adenoviruses (types 3, 4, 7, 
14 and 21) is an insignificant cause of illness in civilians, except as noted 
in schools and summer camps. Multiple surveys have placed the inci- 
dence of adenovirus-caused respiratory illness in older children and 
young adult civilians at around 3 to 5 per cent per year. 

Studies of ARD and pharyngoconjunctival fever have revealed that 
certain findings may occur as isolated clinical manifestations of infection. 
One of these, acute follicular conjunctivitis, has been associated with 
types 3, 6, 7, 10, 15, 16, 17, and possibly others. 

An off-shoot of adenovirus investigations has been to establish an 
etiologic role for type 8 in epidemic keratoconjunctivitis. This is an acute 
follicular conjunctivitis with accompanying subepithelial corneal opaci- 
ties which sometimes leads to persistent visual impairment.2° 

Another recent finding has been that types 12 and 18 will produce 
malignant tumors in newborn hamsters.®° There is no evidence at 
present that adenoviruses are oncogenic in man, but this will be a 
difficult fact to confirm or deny. 

Most of the higher numbered types of adenoviruses have beén isolated 
from the gastrointestinal tract as opposed to those types mentioned 
above which are predominantly of respiratory origin. What relationship 
these more recently discovered adenoviruses may have to human disease 
remains uncertain at present. 


RESPIRATORY SYNCYTIAL VIRUS 


This virus was first isolated from a chimpanzee with coryza in 1956.4 In the 
following year it was isolated from infants with acute respiratory illness.° It has 
the characteristics noted in Table 4. Respiratory syncytial (RS) virus has 
appeared to be a single species, although recent evidence has indicated that 
there may be antigenic differences among various strains! It is difficult to work 
with this organism because of its poor survival with freezing and its fastidious 
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Table 4. Respiratory Syncytial Virus 
ee 


CHARACTERISTICS CLINICAL SYNDROMES 
a a 
Size: 90-140 millimicrons in diameter Children: bronchiolitis, bronchopneu- 
Syncytial or pseudo-giant cell formation monia, coryza 
Ether-sensitive Adults: coryza 
Acid-labile 


Easily inactivated by freezing 
Soluble complement-fixing antigen 
No hemagglutination demonstrated 


growth requirements. Although syncytial changes in tissue culture are charac- 
teristic of this virus, these changes occur only under certain conditions of 
growth, and other viruses, notably parainfluenza types 2 and 3, may also produce 
syncytial changes in tissue culture. It has been isolated solely from the respira- 
tory tract. 


RS virus infections tend to recur in epidemic form, but occasional 
sporadic cases are noted. Infection with this virus has been described 
in many parts of the U.S. and abroad.!. °. Over half of children by 
age four have evidence of previous infection with RS virus, as do approxi- 
mately 70 per cent of older children and 100 per cent of adults.*” 

RS virus has been etiologically linked with acute respiratory disease 
in both children and adults.’ 7 1% 28 It appears to be the single most 
important cause of serious lower respiratory tract infections in infants 
and young children, occasionally producing fatalities.1 The clinical 
picture presented in hospitalized infants and young children is that of 
bronchiolitis and bronchopneumonia. Fever, average maximum rectal 
temperature 103° F., coryza and cough are common. Pulmonary findings 
consist of unilateral or bilateral moist crepitant inspiratory rales and 
decreased breath sounds.*® Distinguishing clinical characteristics, how- 
ever, are not present. Adams? has noted the possible relationship of RS 
virus infection and inclusion body, giant cell pneumonia in infants. 
Milder forms of RS virus infection also occur in children, presenting as 
acute febrile upper and/or lower respiratory disease. 

In adults, natural infection represents a re-exposure to this virus and 
presents as an acute nonspecific respiratory illness. Inoculation of adult 
volunteers has produced an afebrile coryzal illness lasting four to seven 
days which is indistinguishable from the common cold. 


COXSACKIE A-21 (COE VIRUS) 


In 1958 Lennette et al.3¢ isolated a virus from patients with colds or pharyn- 
gitis which they named Coe virus. Later this agent was found to be antigenically 
the same as Coxsackie A-21 virus, a member of the enterovirus group. However, 
Coe virus is an “enterovirus” that in reality has characteristics of a respiratory 
virus and that can be thought of as a bridge between these two groups. It has 
the characteristics shown in Table 5. It has been found in various areas of the 
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Table 5. Coxsackie A Viruses 


ee ea 


CHARACTERISTICS CLINICAL SYNDROMES 
ee ee 
Size: 28 millimicrons in diameter Types 2, 4, 5, 6, 8, 10—Herpangina in 
Shape: dodecahedron children : 7 ; 
Type of nucleic acid: RNA Type 21 (Coe)—ARD in military recruits 
Ether-resistant and similar illness in civilian adults. 
Acid-stable (pH 3.0) Coryza 


Cytopathic effect not characteristic 

Type-specific antigens 

Agglutination of human erythrocytes 
(Coe) 


world.%8. 46, 6 Tsolation is achieved from both rectal and pharyngeal swabs, 
although the latter yields a much higher percentage of recovery.” Enteric 
capsules containing Coe virus have failed to cause infection when given to 
adult volunteers.®® 


The epidemiology of Coe virus infection appears to be similar in some 
ways to the group of adenoviruses containing types 3, 4, 7, 14 and 21. 
Incidence of infection and illness due to this agent appears to be small in 
children.*® In civilians Coe virus is associated with a low serologic con- 
version rate at any age,®? with the highest incidence in young adult 
males.4® This may reflect the fact that Coe virus infection seems to be 
primarily a disease of military recruits. That it is related to acute 
respiratory illnesses in these populations is definitely established,?? with 
evidence that it is responsible for approximately 10 per cent of hospital 
admissions in some instances.** However, the occurrence of Coe virus 
infections appears to be more sporadic than adenovirus infections. The 
resulting illness reflects a syndrome of acute febrile or nonfebrile respira- 
tory disease in the adult. Hoarseness, headache, and chills have been 
more prominent in virus positive individuals and cough less prominent, 
but a differential diagnosis in an individual patient cannot be established. 
Gastrointestinal symptoms have been noted infrequently. The duration 
of illness has been five to 12 days. For each reported virus positive illness, 
there are approximately eight other infections in the group at risk.?7 
Evidence to date reveals that the presence of neutralizing antibody 
against Coe virus may lower the probability of illness but does not neces- 
sarily protect completely.*8 

Several other types of group A Coxsackie viruses produce the upper 
respiratory illness, herpangina, which occurs in epidemics during the 
summer months primarily in children. This entity is unique among 
acute respiratory illnesses in having the characteristic physical finding of 
small (1 to 2 mm.) vesicles on the anterior pillars of the fauces, soft 
palate and uvula. These progress to ulceration. Such lesions, however, 
may not be present in all cases. Other features of this illness are dyspha- 
gia, fever (range 101° to 105° F.), anorexia, fatigue, abdominal pain and 
headache. Recovery occurs usually in two to six days. 
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The first virus in this group was isolated in the U.S. in 1956, 47 and although 
currently classified as ECHO-28 in the enterovirus group, it has the character- 
istics of a rhinovirus. Similar viruses were also isolated by Tyrrell et al. in 
England, and Hamparian et al.,18 Hamre and Procknow!® and Johnson and 
Rosen* in the United States. These agents were given a confusing number of 
names including muriviruses, Salisbury viruses, coryzaviruses, and unclassified 
respiratory viruses. Recently, the International Committee on Virus Nomen- 
clature has proposed that all viruses of this similar small size (Pico) and ribose 
nucleic acid (RNA) composition be designated as Picornaviruses. This group, 
therefore, includes Coxsackie viruses, ECHO viruses, and these newly isolated 
agents that have been given the proposed name of rhinoviruses. 

The characteristics of rhinoviruses are shown in Table 6. Work with these 
viruses has been made possible through a number of modifications of tissue 
culture techniques including control of pH (7.3 to 7.0), reduced temperature 
(83° C.), and continuous motion in roller drums. Initial isolation has been 
greatly facilitated by the introduction of tissue cultures of human embryonic 
lung fibroblasts which have a diploid karyotype. These possess the characteristics 
of normal, nonmalignant cells, and have a limited growth potential. Following 
isolation, the viruses may then be passed to cell lines which have the character- 
istics of malignant growth and are of a continuous nature. Rhinoviruses may 
be divided into two groups: H strains which grow only in human cell lines, and 
M strains which grow in both human and monkey cell lines. These viruses 
have been isolated from the respiratory tract but attempts at isolation from 
stool specimens have been unsuccessful. 

At present, there are over 30 distinct serotypes, and most certainly others 
will be discovered in the future. Although antigenic similarity between some 
serotypes has been reported, most investigators have found them to have no 
immunologic relationship. 58 Evidence to date with some serotypes of rhino- 
virus suggest that they possess antigenic stability from year to year. The inci- 
dence of infection with a particular serotype appears to be infrequent but 
progressive during childhood, and common by adulthood.¥ 


Rhinoviruses have been established as a cause of acute respiratory 
illness in both adults and children.”* The clinical picture in children has 
varied from the common cold to croup, bronchitis and bronchopneu- 


Table 6. Rhinoviruses 


CHARACTERISTICS CLINICAL SYNDROMES 
Size: 18-28 millimicrons in diameter Types—30 plus Children: coryza, croup, 
Type of nucleic acid: RNA bronchitis, and bronchopneumonia 
Ether-resistant Adults: coryza 
Acid-labile (pH 3.0) 


Cytopathic effect not characteristic but 
enhanced by growth in roller drum 

Some strains require decreased tempera- 
ture (33° C.) for initial growth 

Type-specific antigen 

No hemagglutination demonstrated 
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monia. However, at present, they do not appear to be a frequent cause 
of serious respiratory illness in infants and children. Further investiga- 
tion is needed to establish their true significance. 

They have been shown to be a frequent cause of the common cold 
syndrome in civilian adults, and in military populations, and it is in 
this context that they appear to be most important. In adults they have 
been associated only with upper respiratory infections, and there have 
been no characteristic clinical features of the illnesses produced. In 
general, specimens of blood taken in the acute phase of illness have 
shown low or negligible neutralizing antibodies to the infecting virus. 
Convalescent specimens have usually shown a rise of neutralizing anti- 
bodies which is relatively low, but may be high. The frequency of re- 
infection with a given type has not been determined, although studies 
using infectious nasal secretions in volunteers would suggest that im- 
munity does not last over one to two years.”° On this basis the possibility 
of frequent occurrence of reinfection would appear good. 


REOVIRUSES 


The reoviruses have not been definitely established as a cause of acute respira- 
tory illness in humans. However, there has been enough suggestive evidence, 
so that they cannot be excluded at the present time. The first virus of this 
group was isolated from the stools of healthy children in 1954. Since then, 
isolation has been achieved from both healthy and ill humans as well as various 
animal species. 

These viruses were originally considered to be enteroviruses and the first 
prototype was given the designation of ECHO type 10. However, because of 
differences in size and other characteristics, Sabin® proposed that they be 
removed from the enterovirus group and placed in a new group termed reovirus 
(respiratory orphan virus) to stress their association with both the respiratory 
and enteric tracts. There are three serotypes. They have the characteristics 
shown in Table 7. Virus isolation has been achieved from both rectal and pharyn- 
geal swabs, but more readily from the former. Evidence of world wide prevalence 
to type 3 has been shown,** and most adults have neutralizing antibodies. 


The illnesses that have been most frequently associated with recovery 
of reoviruses in the United States have been of a mild febrile nature with 


Table 7. Reoviruses 


ee 


CHARACTERISTICS CLINICAL SYNDROMES 
Size: 75 millimicrons in diameter Types 1, 2, 3—Questionable association 
Shape: icosahedron with acute respiratory, gastrointestinal 
Type of nucleic acid: RNA and nonspecific illness in children and 
Ether-resistant adults 


Acid-stable (pH 3.0) 

Cytopathic effect characteristic 
Group-specific antigen 

Type-specific antigens 

Agglutination of human erythrocytes 
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Fig. 2 Overall estimate of relative importance of acute nonbacterial respiratory disease 
agents according to age and to case selection. (Adapted from Hilleman et al.?4) 


coryza and diarrhea.*® However, statistical analysis has yet to establish 
an etiologic association between reovirus infection and naturally occur- 
ring illness in humans. Volunteer experiments in adults with all three 
serotypes have failed to produce illness which could be definitely attrib- 
uted to the viruses inoculated.*° Knowledge of the true significance of 
reoviruses in acute respiratory disease must await further investigation. 


DISCUSSION 


Recent progress in determining the etiology of acute viral respiratory 
disease has been spectacular. We may now reasonably ascribe a combined 
etiology to approximately 50 per cent of illnesses at all ages, with higher 
percentages for selected populations (Fig. 2). It has become increasingly 
evident that virus, host and environmental factors produce different 
etiologic patterns for different population groups. Influenza is somewhat 
of an exception in that it attacks all populations with frequency although 
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highest attack rates occur in school children. ‘Lhe young adult in a 
military population is particularly susceptible to adenovirus and Cox- 
sackie A-21 infections. A major part of acute respiratory illness in infants 
and young children is caused by respiratory syncytial virus and parain- 
fluenza viruses. The adult civilian appears to be the primary target for 
rhinoviruses, although further study may show these agents to play a 
bigger role in other populations. Environmental factors have been 
studied intensively but, at the present time, our only certain knowledge is 
that winter months are associated with more acute respiratory disease 
than summer months. 

It is also becoming increasingly apparent that a particular virus may 
cause a wide range of clinical syndromes, and conversely a particular 
clinical syndrome may be caused by a number of viruses. Simultaneous 
infection by more than one virus can occur.*® At present, a differential 
diagnosis is usually impossible on clinical grounds, although an educated 
guess based on statistical probabilities in a selected population may have 
value. There is good evidence that initial infection with a particular virus 
will usually lead to more serious illness than reinfection with the same 
agent. This seems to be a common event with many respiratory viruses. 
This agrees with the clinical observations of more severe lower tract 
infections in infants and young children and of milder upper respiratory 
infections in older age groups. In view of the known occurrence of rein- 
fection, protection afforded by infection with these agents would seem to 
be incomplete and not long lasting. Thus far, the more recently dis- 
covered respiratory viruses have been antigenically stable. Recurrent 
changes, as occur with the influenza virus, have not been observed, 
although only observation over a longer period of time will reveal the 
true degree of antigenic stability. 


Treatment 


Treatment of acute viral respiratory disease remains symptomatic. 
Primary atypical pneumonia caused by Eaton agent, a pleuropneu- 
monia-like organism, responds to certain antibiotics; this disease is 
considered in another section of this issue. Work on antiviral drugs has 
made some progress but, as yet, there is no indication that any effective 
therapeutic agent is in sight. Continued evaluation of antibiotic therapy 
in regard to virus-caused respiratory disease*? fails to show any beneficial 
effect. on the initial illness or the prevention of complications. The 
indication for antibiotic therapy remains the demonstration of an anti- 
biotic-sensitive bacterial infection complicating the original condition. 
Antihistamine compounds continue to enjoy widespread use, although 
their value in preventing or aborting acute respiratory infections has 
never been established. 

Vaccines. At the present time, the major hope for controlling acute 
respiratory disease lies in the development of effective vaccines. Because 
of the multiplicity of respiratory viruses and the relatively poor anti- 
genicity of some, this presents many problems. Effective vaccines against 
respiratory viruses have been produced as in the case of influenza vac- 
cine, now an established tool of medicine. There has also been consider- 
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able work on the development of adenovirus vaccines. These have been 
either bivalent, containing types 4 and 7, or trivalent, containing types 
3, 4and 7. Field trials in military populations employing these vaccines 
have resulted in a reduction in febrile respiratory illness, from all causes, 
of 55 per cent to 81 per cent. When refined rates for illness caused by 
adenovirus alone were calculated, reduction by 90 to 98 per cent by the 
bivalent and 83 per cent by the trivalent vaccines was achieved.22 Re- 
cently, these vaccines have not been available because of the discovery 
of endogenous wild viruses in the tissue culture material used for vaccine 
production. However, this is a technical problem which should not pre- 
vent their use in the future. An effective vaccine has been produced 
combining both influenza viruses and adenoviruses.’° Adjuvant was 
included in the composition of this vaccine to induce greater rises in 
antibody titers, and appears to be effective and safe in humans. Other 
workers have shown that it is feasible to produce a vaccine from formalin- 
treated parainfluenza viruses which is potent and safe in adults, children 
and infants.?° 

It has been suggested, because of the large number of etiologic agents 
responsible for acute respiratory disease, that vaccines be tailored to suit 
various populations.** Thus, when evidence has been obtained that cer- 
tain populations are deficient in antibodies to viruses which are common 
pathogens for such a population, they would be given a vaccine which 
would fill their “immunologic gaps.’’ The use of adjuvant would also 
appear to be helpful in the development of vaccines since it enhances 
potency while reducing inoculum volume, a definite consideration in view 
of the multiplicity of respiratory viruses. Currently, there is interest 
in the development of a vaccine for the viruses which cause serious lower 
respiratory tract illnesses in infants and young children, parainfluenza 
and respiratory syncytial. Production of such a vaccine will probably lead 
to the first widespread effort to control some of the newly discovered 
respiratory viruses. The next, and undoubtedly more difficult step, will 
be the development of a rhinovirus vaccine to control common colds in 
adults. 


SUMMARY 


Acute respiratory disease is the greatest cause of morbidity in man. 
Recent years have seen the discovery of a number of viruses which cause 
acute respiratory illness in man and also in animals. These agents have 
been primarily identified by the effect they produce in tissue culture 
cells. 

The frequency of acute respiratory disease appears to be due to at 
least two factors. First, there are a large number of etiologic agents, and 
second, they have a poor ability to evoke long-lasting complete immunity 
following infection. This appears to be due to the demonstrated low level 
of initial antibody response, and the relatively short duration of effective 
antibody levels. The latter is somewhat speculative at present. Natural 
reinfection with these agents does occur, however, and there is no reason 
to believe that it is uncommon. Periodic changes of the antigenic com- 
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position of these more recently discovered viruses has not been noted as 
yet, and does not appear to be a factor in the frequency of occurrence of 
acute respiratory disease. 

Different population groups tend to be attacked by different respira- 
tory viruses. Infants and young children have more frequent and more 
severe lower respiratory tract illnesses. This is in part due to the fact that 
initial infection with a respiratory virus tends to cause more severe illness 
than does reinfection. A particular respiratory virus can cause a variety 
of clinical syndromes varying from mild to severe illness. A particular 
respiratory syndrome can be caused by a number of different viruses. 

Excepting Eaton PPLO pneumonia and diseases of bacterial etiology, 
the treatment of acute respiratory disease remains symptomatic. 
Although the large number of viruses and their relatively poor anti- 
genicity present difficult problems, there is reasonable hope that the 
future will see the gradual development of effective vaccines to control 
acute respiratory illness. 
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THE SYNDROME of the common cold is the most frequent and recurrent of 
man’s ills, and for many years it was believed that immunity to the 
disease did not result from infection. There was good reason for the 
belief from epidemiologic data which showed that colds seemed to follow 
one another relentlessly. One set of observations in this regard is shown 
in Figure 1 which illustrates the absence of any discernible period of 
protection from natural colds following an experimentally induced com- 
mon cold. The average time elapsed before a second cold occurred in 50 
per cent of the group was 6.3 weeks and none of the subjects remained 
free from a second common cold beyond 22 weeks. The earliest volunteer 
studies with nasal secretions bore out this same impression.® 

On the other hand, the point of view that immune mechanisms are 
important in one’s susceptibility to common colds, but that multiple 
etiologic agents are at fault is suggested by other epidemiologic observa- 
tions. Among such isolated groups as on Spitzbergen in the Arctic ocean,*” 
common respiratory diseases have been observed to decrease markedly 
during the period of isolation, then occur in epidemic waves following 


The studies of the authors were conducted under the sponsorship of the Commission 
on Acute Respiratory Diseases of the Armed Forces Epidemiological Board, and sup- 
ported in part by the Office of the Surgeon General, Department of the Army, and in 
part by the United States Public Health Service under Grants (E) 4059 and 2E-208. 
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Freedom from Colds after Infection 
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contact with newcomers. Also, the frequency and severity of colds tend 
to diminish with age. 

It was generally assumed until recently that the common cold was 
caused by a single virus. Under such an assumption infections appeared 
to be incapable of activating the protective mechanisms of the host, even 
for a few weeks. In the past few years, however, a large number of viruses 
have been recovered from persons with the common cold syndrome. 
Many of the viruses have been isolated in tissue culture or laboratory 
animals and studied carefully and extensively. Others have been demon- 
strated only by the production of colds in volunteers with bacteria-free 
filtrates of nasal secretions. It is thought that most or all of these viruses 
are the etiologic agents of the colds that annually affect a large proportion 
of our population. Thus, no single agent is exclusively responsible for the 
common cold although some of these viruses can cause other respiratory 
syndromes as well as the common cold.!! Upon this basis, immunity to 
the common cold and other viral respiratory infections would be specific 
for each virus and in some cases for each strain of virus. Even considering 
the large number of agents known to cause colds and the unknown agents 
yet to be identified, the frequency of the syndrome must still be accounted 
for in any concept of protective immunity to cold viruses. It must be 
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determined whether the protection conferred by infections with these 
agents 1s transient or incomplete or both. 


KNOWN ETIOLOGIC AGENTS 


Among the known viruses, those most likely to cause the common cold 
syndrome as the primary manifestation of infection are some small 
viruses that have been reported as rhinoviruses, coryzaviruses, murivi- 
ruses or unclassified common cold viruses. Included among them, one of 
the first to be identified was strain 2060-JH (ECHO 28). The common 
cold syndrome in man also is known to be caused by Coxsackie virus 
type A-21 which was originally called Coe virus, the respiratory syncytial 
virus and the parainfluenza viruses. Type 1 reovirus has been recovered 
in nasal secretions but its etiologic relation to the common cold is not 
established. Colds have also been associated with some types of adeno- 
viruses which usually cause pharyngitis, the influenza viruses and some 
true enteroviruses including several ECHO strains. How many more 
agents that might be responsible for the complex illness we term the 
common cold and remain to be found and characterized is not known. 


SERUM ANTIBODY FROM NATURALLY ACQUIRED INFECTION 


Rising serum antibody titer is an accepted index of a virus infection. It 
is thought to be a protective reaction on the part of the host. Owing to 
the impression that prevailed until recently that protection against 
colds seemed to be deficient, a review of serum antibody levels against 
some respiratory viruses is of interest. Table 1 summarizes serologic 
data from clinical illnesses in which the indicated viruses were recovered. 
The number of fourfold or greater rises in antibody is compared with 
the total number of cases in which virus was isolated. In most studies, 
a number of significant antibody responses also occurred in persons from 
whom virus was not recovered but, to avoid uncertainty, these cases have 
been omitted from the tabulation. 


Table 1. Rising Titers of Specific Antibody After Natural Infections in 
which the Virus was Recovered 
a a SS 
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VIRUS INCREASES IN ANTIBODY REFERENCES 
SUBJECTS oor 

espiratory syncytial... 31 90 6, 29 
eee ae Soe. 80 81 7, 9, 32, 36, 54 
Paraintivenza2en.. 2: - 36 72 10, 28, 35, 36, 54 
Parainfluenza 3........ 91 77 7, 9, 32, 36, 54 
Coxsackie A-21........ 106 60 3, 26 
Rhinovirus group...... 20 70 15, 39, 50 
Adenovirus group...... 37 95 14, 25, 47, 52, 53 
CEO Ree ei sere: 3 100 43 
TREO VALU Sp! tne arae as 5 20 43 


ne 


—68%= "aq 


Wes 


25/45" 63% 


25/4)=56% 


Respiratory 
Syncytial 50 
(M¢ Clelland 196/) 


25/577 44% 


75 
Respiratory 
Syncytial 
Long-strain 59 

(Chanock 1957) 


25 


= | 00 
75 


Parainfluenzal cy 
(Parrott 1962) 


Porainfluenza 2 
(Porrott 1962) 


47% 87 


a 
Porainfluenzo 3 ee 


(Parrott 1962) 


L. Lerxowrtz, Jr., G. Jackson, H. DowLine 


100 


75 
MALES 
Coxsackie A,, 50 


(Pereira /959) 
25 


75 
FEMALES 
Coxsackie A,, 50 
(Pereira 1959) 
25 


00 
75 
Rhinoviruses 
Strain HGP 5 
(Schild 
Hobson 1962) 25 


° 


75 
Rhinoviruses 
Strain BE32 5° 


(Schild = 
Hobson 1962) 

° 

75 


Rhinoviruses 
Strain 2060-JH 5° 


(Price 1959) a 


° 


2 4 6 8 10 12{24 4 6 8 10{20 30 40 50 60 70 2 4 6 6 10 12;24 4 6 8 10/20 30 40 50 60 70 
t r 4 4 


Age in Months Age in Years Age in Months Age in Years 


Fig. 2. Prevalence of identifiable serum antibodies in a selected population (see text). 


The table shows that recovery of an adenovirus from subjects was 
attended by significant antibody rises in 95 per cent of the cases tabu- 
lated. The parainfluenza and respiratory syncytial viruses are also seen 
to produce significant rises in the specific antibody titer. Coxsackie 
A-21 and the rhinovirus family seem to be less frequently associated 
with serologic response. The data on ECHO 11 and reovirus are in- 
sufficient for evaluation. 

In Figure 2 the prevalence of identifiable serum antibody in a selected 
population is indicated by a bar delineating the age limits for the group 
reported. The height of the bar corresponds to the prevalence of anti- 
body. The most striking feature of the figure is the presence of antibody 
in so many people, often developing very early in life. It is an accepted 
assumption that all these people had infection with each of the viruses or 
infection with an antigenically closely related virus. The patterns suggest 
that there is some permanence to the antibody, as the prevalence rises 
steadily with age except in the first six months of life when maternal 
antibody is disappearing. Reinfection and possibly recurrent illness 
rather than permanent immunity, however, could be the mechanisms 
for the persistence of antibody. The differing rates of antibody acquisi- 
tion to different viruses suggest a difference in the transmissibility of the 
viruses. This may either result from the properties of the virus or be 
related to the environmental differences and the social traits of the host. 


THE PROTECTION AGAINST NATURALLY ACQUIRED INFECTION 
AFFORDED BY SERUM ANTIBODY 


_ In view of the observations that in many instances serum antibody 
rises In response to an infection, the question is whether the height of the 
titer of antibody can be correlated with protection of the host against 
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Table 2. Relation of Preinfection Serum Antibody in Persons who 
Developed Natural Infection 


SS ee ee eee eee 


NUMBER OF 


SUBJECTS FROM ee ee 
VIRUS PRE-EXISTING REFERENCES 


WHOM VIRUS * 
_ SERUM ANTIBODY 
WAS RECOVERED 


——— eee 


Respiratory syncytial. 64 30 6, 16, 29 
Parainfluenza l...... 45 2 1 Ds PS By, 
Parainfluenza 2...... 17 0 7, 28, 54 
Parainfluenza 3...... 39 18 05 Oy 1, BV, oH! 
Coxsackie A-21...... 33 3 3 

Rhinovirus group... . 149 12 15, 34, 39, 50 
Adenoviruses........ 43 a 14, 25, 45, 47, 52, 53 


a 
* The criterion for significant levels of pre-existing antibody is that set by the 
authors’ reference. 


another infection with the same virus. The efficacy of antibody can be 
evaluated by the prevention or modification of illness, or by the preven- 
tion of infection altogether as observed by the inability to recover virus 
after exposure of the host to it. Clinically, the former is of paramount 
importance, yet the latter may be a better guide to the role of antibody 
in immunity and the mechanism of antibody persistence. 

In Table 2 an attempt is made to learn the degree of protection con- 
ferred by antibody as observed in retrospective studies of illness caused 
by each of several viruses. The cases selected were those in which a virus 


was recovered. 


The values reported in the table are expressed as the number of persons 
having antibody titers above a level selected by each of the authors compared 
with the total number of ill persons studied from whom a virus was recovered. 
Only 2 of 62 cases of infection with parainfluenza viruses types 1 and 2 occurred 
in persons with an antibody titer equal to or greater than 1:8. Similarly, 97 per 
cent of the observed natural infections with Coxsackie A-21 virus occurred in 
people without specific antibody, 93 per cent of adenovirus infection and 88 per 
cent of infections with the rhinoviruses. Serum antibody against parainfluenza 
type 3 virus and respiratory syncytial virus appeared less protective in that 24 
and 28 per cent of cases respectively occurred in persons with serum antibody. 
These data include both complement fixing and neutralizing antibody but the 
former are often not correlated with protection. In the sample available, how- 
ever, the inclusion of complement fixing antibody did not appear to be the basis 
for the poor protection observed against the infections. The small number of 
cases available for this type of analysis makes a final judgment of significance 


difficult. 


A prospective study by Chanock et al.,* as summarized below, is very 
helpful in evaluating the effect of pre-existing antibody against a natural 
rechallenge with parainfluenza 3 virus. 


In three successive outbreaks of parainfluenza 3 infection at Junior Village, a 
welfare nursery home in Washington, D.C., a number of children were present 
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during more than one round of infection. These outbreaks occurred in the 
following time sequence during 1958-1959: December 27 to February 4, March 27 
to April 17, and May 20 to August 15. During the first outbreak the virus was 
recovered from 49 of 85 children in the home, or 58 per cent. Of those who 
were infected, 36 were present during the second outbreak, among whom 7 (19 
per cent) became reinfected. During the third outbreak, 25 were still present of 
whom 4 or 16 per cent became reinfected. No triple infections were observed. 
The reinfection rate, therefore, appeared to be one-third the initial infection 
rate. During the second and third outbreaks respectively, 19 of 71 children had 
infection and among them 2, or 10 per cent, became reinfected compared with 
42 among 140 or 30 per cent of all of the children present. Thus the data from 
the last 2 outbreaks corroborate the two-thirds reduction in the infection rate 
following prior infection as noted among the children present from the start. 

Febrile illness occurred in 9 of 16 on the first infection. All 9 had neutralizing 
antibody titers of 1:16 or less before the infection. Upon reinfection, the period 
during which the virus was shed was generally shorter; febrile illnesses occurred 
in only 2 instances, and in both cases fever lasted only 1 day. The second infection 
produced a fourfold antibody titer rise in 10 of the 15 children, suggesting that 
a new infection had been present rather than a virus carrier state. 

The effect of antibody on illness was apparent when data from all the out- 
breaks were combined. Infection developed in 54 children with a neutralizing 
antibody titer of 1:8 or less. Of these, 78 per cent were febrile and one-third 
had lower respiratory tract symptoms and signs. Among 18 children who became 
infected although the antibody titer was between 8 and 32, only 33 per cent 
had febrile illness. Of 43 virus recoveries from children in whom the antibody 
titer was 64, only 19 per cent were associated with fever. Symptoms of lower 
respiratory tract infection occurred in only 4 of 61 infections (7 per cent) in 
children with titers higher than 1:8 as compared to the 33 per cent occurring 
when the antibody titer was lower. 


These findings illustrate that, although serum antibody is not com- 
pletely protective, it does appear to be related to immunity. The pattern 
of immunity observed conforms to the hypothesis that prior infection 
with a respiratory virus elicits an antibody response and reinfection, if it 
occurs, tends to produce successively milder illnesses. 


VOLUNTEER STUDIES WITH NASAL SECRETIONS 


Studies in volunteers using nasal secretions from common cold donors 
as the infectious challenge also showed that colds resulted from infection 
with a number of different etiologic agents.2! These differences were 
evident in the variation in the incubation periods of the colds and to 
some extent in the clinical syndromes, but the principal and most 
significant evidence of difference was in the high level of specific immunity 
acquired against rechallenge with the same virus.!8 In Figure 3 the results 
of the first and second challenges with each of four nasal secretions are 
shown. In each case there is a highly significant reduction in the number 
of colds after the second challenge with the same secretion as compared 
with the first. That the results were not caused by some nonspecific 
factor or a decrease in the infectivity of the challenge inoculum was shown 
by adequate controls. For instance, some volunteers received a different 
secretion for rechallenge than for the original challenge and other volun- 
teers were challenged for the first time simultaneously with the same 
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SPECIFIC IMMUNITY UPON RECHALLENGE 
WITH EACH OF FOUR NASAL SECRETIONS 
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RECHALLENGES WITH INFECTIOUS NASAL 
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inoculum used in the rechallenge. The results of rechallenge in the same 
individuals are shown in Figure 4. The direct evidence obtained by 
successive challenges of subjects with a measured dose of infectious 
material under controlled circumstances established beyond any reason- 
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able doubt the development of immunity by prior infection with a com- 
mon cold virus and emphasized the specific nature of the immunity. 

That the basis for the immunity might be circulating antibody 
elicited by specific antigenic components of the virus was also suggested 
by the observation that preincubation of the virus with pooled human 
gamma globulin neutralized its infectivity for volunteers.2° A decrease 
from 52 to 10 per cent in the proportion of volunteers developing colds 
was demonstrated. The use of serum albumin rather than gamma 
globulin had no effect, and boiling the gamma globulin destroyed its 
effect. 

Demonstration that the gamma globulin in the circulating plasma was 
transferred to the locus of infection in the surface membrane of the nose 
also was obtained.2 The mechanism is probably one of hyperemia and 
exudation but virus infection was observed to initiate the process before 
the onset of clinical symptoms from infection. Gamma globulin, which is 
not normally present in nasal secretions, appeared and asymptomatic 
infections were observed. Such observations make a logical basis for the 
impression that recurrent infections of the respiratory membrane can 
occur with mild illness or none at all; such infections may serve as a 
periodic booster stimulus to specific antibody. 

The duration of the immunity after infection was observed by re- 
challenge for as long as 44 weeks, which was the longest period tested. 
Further information was obtained by testing the neutralization of 
infectious secretions for volunteers by serum taken at intervals from two 
subjects at different periods of time after an experimentally initiated 
infection with the secretions to be tested.!* Serum taken one month after 
infection reduced the incidence of colds in new volunteers only from 35 
per cent to 30 per cent, but serum taken six and 12 months after infection 
reduced the incidence of colds to 9 or 10 per cent. By 18 months after 
infection the neutralizing capacity of the serum was still demonstrable 
but weaker, and after 24 months the serum had lost most of its ability 
to alter the infectivity of the secretion. From these observations, it 
would appear that the duration of immunity after a common cold may 
be on the order of two years, without the stimulus of reinfection. As the 
level of protection falls, reinfection is likely, and the severity of the 
illness may be related to the time since the previous infection. 

In order to observe whether a correlation existed between the ob- 
served effect of time on the neutralizing capacity of serum after infection 
and the susceptibility of volunteers upon rechallenge, studies were done 
on volunteers at three to four weeks after the initial challenge and after 
three to four months.!? The incidence of colds was reduced from 31 
per cent in the first challenge to 17 per cent following rechallenge at 
three to four weeks. When the second challenge was postponed until 
three to four months after the initial infection, the incidence of colds was 
reduced to 4 per cent. 

Although these results apply only to the particular virus tested, they 
form an integral pattern that may be quite general for the common cold 
viruses. The essentials of the pattern are that immunity can be demon- 
strated either by direct rechallenge or the development of neutralizing 
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capacity in the gamma globulin fraction of the serum. The development 
of solid immunity from a common cold is not as prompt as from systemic 
infections or following intramuscular injection of antigens, but the 
strength of the immunity increases over a period of a few months and 
then wanes. Reinfection with most of the respiratory viruses is probably 
frequent but modification or prevention of illness by the exudation of 
specific antibody into the nasal secretion is likely. In the absence of 
reinfection the duration of immunity appears to be about two years. 


VOLUNTEER STUDIES WITH KNOWN AGENTS 


Studies in volunteers have now been carried out with several known 
viruses. Such studies have utilized tissue culture harvests of virus, which 
may differ in their infectivity and capacity for antigenic stimulation 
compared with naturally-occurring strains of virus. Infectivity and illness 
observed in these studies are related to the dose and attenuation of the 
virus challenge as well as to the age and antibody status of the host.2: %4 
Interpretation of results in tests of immunity under these conditions, 
therefore, must consider these differences in the inoculum used as well 
as the criteria used to judge immunity. 

Table 3 contains data from volunteer studies tabulated in a manner 
similar to Tables 1 and 2 but cases of illness without virus isolation are 
included. If the specific prechallenge level of antibody was determined 
and/or the rise in the convalescent serum was measured, the data are 
given. In general, fourfold rises in antibody titer were observed less 
frequently than in the natural infections, possibly because more of the 
volunteers had pre-existing serum antibodies. Subjects used as volunteers 
in most studies were young adults, usually 20 to 30 years of age. As was 
shown in Figure 2, most of them would be expected to have had demon- 
strable serum antibody against the different viruses before the experi- 
mental challenge. 

Prechallenge antibodies against adenovirus and Coxsackie A-21 virus 
appeared to be quite protective both in preventing illness and against 
infection as indicated by virus isolation. Published data on the other 
enteric viruses and rhinoviruses are too scant to document efficacy but, 
from the data available, prechallenge antibody tends to make the volun- 
teer resistant to infection.1%: 46 In rechallenge studies with 2060-JH virus, 
the immunity was quite complete as shown in Figure 5.” 

Data obtained on parainfluenza type 3 infection in volunteers indi- 
cated little or no protection from prechallenge antibody at the levels 
observed. This is in contrast to the protection observed against parain- 
fluenza type 3 infection in successive outbreaks of infection in Junior 
Village as noted previously. Data with regard to parainfluenza type il 
virus in volunteer experiments are similar in showing a poor protective 
effect from prechallenge antibody. It may be that for parainfluenza 
virus, the very large virus dose used in the volunteers is at fault rather 
than the inefficacy of antibody, or less likely, that immunity to natural 
infection may be transmitted through a mechanism unrelated to anti- 
body. Full explanation of this discrepancy requires further experience. 
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Fig. 5. Patterns of immunity to rechallenge with 2060-JH virus in 55 volunteers. 


In the case of respiratory syncytial virus there is so far only negative 
evidence with regard to any protective effect from the presence of 
prechallenge antibody, regardless of the titer. If this is in fact the case, 
the reasons remain to be elucidated. 


INTERFERON 


In the foregoing presentation no consideration has been given to 
interferon which may be important in determining the clinical course of 
virus infections.’ Interferon is a polypeptide which is elaborated by 
virus-infected cells and released into the surrounding intracellular spaces 
from which it enters nearby cells. This substance inhibits virus multi- 
plication in those cells, and it is entirely independent of serum antibody 
in its mode of action. However, in vive it may work intracellularly in 
concert with extracellular antibody to terminate a virus infection. In 
contrast to antibody, which affects the virus particle, interferon acts 
upon the metabolism of cells, and its action is limited to cells of the 
species by which it was produced. Therefore, it is unlikely to become 
readily available as a drug for therapeutic use in man. 


PROSPECTS FOR A COMMON COLD VACCINE 


Although some products referred to as common cold vaccines have 
been offered in past years, none has contained any of the common cold 
viruses nor has had a valid basis for the prevention of colds. With the 
recognition of specific viruses that cause cold-like syndromes, the tech- 
niques for their propagation in the laboratory, and the demonstration 
of immunity following infection, the essentials for the development of 
vaccines are achieved. 

Our increased understanding of viral respiratory infections, however, 
has introduced new complexities. Evidence for the large number of 
viruses that cause the common cold and the specificity of the immune 
response has introduced problems of logistics in the administration of the 
number of vaccines necessary for protection, and raised new inquiry as to 
whether the game is worth the candle. The problem in new areas of 
discovery often seems insurmountable and such appears to be true in this 
area at present. It is quite certain that there will not be a “one- -shot”’ 
common cold vaccine. On the other hand, it is likely that effective 
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vaccines can and will be made. The principal need in charting the course 
for vaccine development is recognition of the epidemiologically and 
pathogenically important strains of virus and the purification of the 
active antigenic components or the development of stable immunizing 
attenuated strains of live virus. Both courses offer good hope for the 
prevention of much morbidity and needless fatalities in selected high- 
risk populations; both will require patience and critical application 
before we will obtain the optimum benefit. 


SUMMARY 


The paradox of the lack of immunity in the common cold syndrome is 
reviewed in the light of the present knowledge of the multiple etiologies 
of the syndrome. Data are presented to show that common cold viruses 
stimulate specific serum antibody responses and that sufficient serum 
antibody will protect against infection. The concentration of antibody 
at the respiratory mucous membrane is postulated as a contributing 
factor in determining the course of the clinical illness. The immunity is 
shown to be transitory and incomplete, allowing reinfections to occur. 
These new infections stimulate further specific antibody formation and, 
depending on the interval, successive reinfections cause progressively 
milder illnesses. 

The observed efficacy of antibody in persons who acquired infection 
after natural exposure to viruses is compared to its efficacy in persons 
challenged with viruses in volunteer experiments and the discrepancies 
which appear to exist are discussed. The protection against rechallenge 
with the same virus in volunteers correlates with the observation that 
natural illness from infection does confer immunity. 

Interferon is described as a substance that might affect the course of 
respiratory virus infection. Vaccines against the common cold syndromes 
although not prepared at present will ultimately be available. 


REFERENCES 


1. Abinanti, F. R. and Huebner, R. J.: Serological relationships of strains of para- 
influenza 3 virus isolated from humans and cattle with respiratory disease. 
Virology 8: 391, 1959. 

2. Anderson, T. O., Riff, L. and Jackson, G. G.: Immunoelectrophoresis of nasal 
secretions collected during a common cold: Observations which suggest a 
mechanism of seroimmunity in viral respiratory infections. J. Immunol. 
89: 691, 1962. 

3. Bloom, H. H., Johnson, K. M., Mufson, M. A. and Chanock, R. M.: Acute res- 
pate disease See with Coxackie A-21 virus infection. II. Incidence 
in military personnel: Observations in a non-recruit po ion. J.A.M. 
Tecta oe population. J.A.M.A. 

4, Sma Ms Bell, : . A. and rene R. H.: Natural history of parainfluenza 
infection. Perspectives in Virology 2: 126, Mi i H 

Publishing Co., 1961 (Chapter 410, iain puke ee 
. Chanock, R. M. and Finberg, L.: Recovery from infants with respiratory illness 

of a virus related to chimpanzee coryza agent (CCA). II. Epidemiologic 

aspects of infection in infants and children. Am. J. Hyg. 66: 291, 1957. 

6. Chanock, R. M., Kim, H-W., Vargosko, A. J., Deleva, A., Johnson, K. M. 
Cumming, C. and Parrott, R. H.: Respiratory syncytial virus I. Virus re- 
povers ae other i aa during 1960 outbreak of bronchiolitis, pneu- 

nonla and minor respiratory diseases in children. J.A.M.A. 176: ‘ 

7. Chanock, R. M., Parrott, R. H., Cook, K., Andrews, B. B., Bell, J. eee 
elderfer, T., Kapikian, A. Z., Mastrota, F. M. and Huebner, R. J : Newly 


ou 


Immunity in the Common Cold and Related Viral I nfections 1183 


8. 


27. 


28. 


29. 


30. 


31. 


recognized myxoviruses from children with respiratory disease. New England 
J. Med. 258: 207, 1958. . 

Commission on Acute Respiratory Diseases: Experimental transmission of minor 
respiratory illness to human volunteers by filter-passing agents. II. Immunity 
on reioculation with agents from the two types of minor respiratory illness 
and from primary atypical pneumonia. J. Clin. Invest. 26: 974, 1947. 


. Cook, M. K., Andrews, B. E., Fox, H. H., Turner, H. C., James, W. D. and Cha- 


nock, R. M.: Antigenic relationships among the “newer” myxoviruses 
(parainfluenza). Am. J. Hyg. 69: 250, 1959. 


. Craighead, J. E., Shelokov, A., Peralta, P. H. and Vogel, J. S.: Croup-associated 


virus infection in adults. New England J. Med. 264: 135, 1961. 


- Dowling, H. F. and Lefkowitz, L. B.: Clinical syndromes in adults caused by res- 


piratory viruses. Am. Rev. Resp. Dis. (submitted for publication). 


. Evans, A. 8.: Infections with hemadsorption virus in University of Wisconsin 


students. New England J. Med. 263: 233, 1960. 


. Ginsberg, H. S., Badger, G. F., Dingle, J. H., Jordan, W. S. and Katz, 8.: Etio- 


logic relationship of the RI-67 agent to “acute respiratory disease (ARD).”’ 
J. Clin. Invest. 34: 820, 1955. 


. Grayston, J. T., Lashof, J. C., Loosli, C. G. and Johnston, P. B.; Adenoviruses. 


III. Their etiological role in acute respiratory diseases in civilian adults. J. 
Infect. Dis. 103: 93, 1958. 


. Hamparian, V. V., Ketler, A. and Hilleman, M. R.: Recovery of new viruses 


(coryzavirus) from cases of common cold in human adults. Proc. Soc. Exper. 
Biol. & Med. 108: 444, 1961. 


. Hamre, D. and Procknow, J. J.: Viruses isolated from natural common colds in 


the U.S.A; Brit. M. J. 2: 1382, 1961. 


. Ho, M.: Interferons. New England J. Med. 266: 1258, 1313, 1367, 1962. 
. Jackson, G. G. and Dowling, H. F.: Transmission of the common cold to volun- 


teers under controlled conditions: IV. Specific immunity to the common cold. 
J. Clin. Invest. 38: 762, 1959. 


. Jackson, G. G., Dowling, H. F., Akers, L. W., Muldoon, R. L., VanDyke, A. and 


Johnson, G. C.: Immunity to the common cold from protective serum anti- 
body: Time of appearance, persistence and relation to reinfection. New 
England J. Med. 266: 791, 1962. 


. Jackson, G. G., Dowling, H. F. and Anderson, T. O.: Neutralization of common 


cold agents in volunteers by pooled human globulin. Science 128: 27, 1958. 


. Jackson, G. G., Dowling, H. F., Anderson, T. O., Riff, L., Saporta, J. and Turck, 


M.: Susceptibility and immunity to common upper respiratory viral infec- 
tions—the common cold. Ann. Int. Med. 53: 719, 1960. 


. Jackson, G. G., Dowling, H. F. and Mogabgab, W. J.: Infectivity and interrela- 


tionships of 2060 and JH viruses in volunteers. J. Lab. & Clin. Med. 54: 331, 
1960. 


3. Jackson, G. G., Dowling, H. F. and Muldoon, R. L.: Present concepts of the com- 


mon cold. Am. J. Pub. Health 52: 940, 1962. 


. Jackson, G. G., Muldoon, R. L., Johnson, G. C. and Dowling, H. F.: Contri- 


butions of volunteers to studies on the common cold. Am. Rev. Resp. Dis. 
1963 (to be published). 


. Jawetz, E., Hanna, L., Kimura, 8. J. and Thygeson, P.: Clinical diseases of adults 


associated with sporadic infections by APC viruses. A.M.A. Arch. Int. Med. 
98: 71, 1956. 


. Johnson, K. M., Bloom, H. H., Mufson, M. A. and Chanock, R. M.: Acute res- 


piratory disease associated with Coxsackie A-21 virus infection. I. Incidence 
in military personnel: Observations in a recruit population. J.A.M.A. 179: 
112, 1962. 

Johnson, K. M., Chanock, R. M., Rifkind, D., Kravetz, H. M. and Knight, V. 
Respiratory syncytial virus: IV. Correlation of virus shedding, serologic 
response and illness in adult volunteers. J.A.M.A. 176: 663, 1961. 

Kapikian, A. Z., Bell, J. A., Mastrota, F. M., Huebner, R. J., Wong, D. C. and 
Chanock, R. M.: An outbreak of parainfluenza 2 (croup-associated) virus 
infection (association with acute undifferentiated febrile illness in children ). 
J.A.M.A. 188: 324, 1963. 

Kapikian, A. Z., Bell, Jp A., Mastrota, F. M., Johnson, K. M., Huebner, R. J. and 
Chanock, R. M.: An outbreak of febrile illness and pneumonia associated 
with respiratory syncytial virus infection. Am. J. Hyg. 74: 234, 1961. 

Kapikian, A. Z., Chanock, R. M., Reichelderfer, T. E., Ward, T. G., Huebner, 
R. J. and Bell, J. A.: Inoculation of human volunteers with parainfluenza 
virus, type 3. J.A.M.A. 178: 537, 1961. : ' 

Knight, V. (Moderator): Ecology of a newly recognized common respiratory 
agent, RS-virus (Combined Clinical Staff Conference at the NIH). Ann. 


Int. Med. 46: 507, 1961. 


1184 L. Lerxowrtz, Jr., G. Jackson, H. Dowtine 


32. 


33. 


34. 


35. 


36. 
37. 


38. 
39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 
48. 


49. 
50. 
ol. 


52. 


53. 


54. 


54. 


McClean, D. M., Roy, T. E., O’Brien, M. J., Wyllie, J. C., and McQueen, E. J.: 
Parainfluenza viruses in association with acute laryngotracheobronchitis, 
Toronto, 1960-1961. Canad. M. A. J. 85: 290, 1961. : 

McClelland, L., Hilleman, M. R., Hamparian, V. V., Ketler, A., Reilly, C. M., 
Cornfeld, D. and Stokes, J.: Studies of acute respiratory illness caused by 
respiratory syncytial virus. 2. Epidemiology and assessment of importance. 
New England J. Med. 264: 1169, 1961. 

Mogabgab, W. J.: Additional respirovirus type related to ML-2060 (ECHO 28) 
virus, from military personnel, 1959. Am. J. Hyg. 76: 160, 1962. ; f 

Mogabgab, W. J., Dick, E. C. and Holmes, B.: Parainfluenza 2 (CA) virus in 
young adults. Am. J. Hyg. 74: 304, 1961. 

Parrott, R. H., Vargosko, A. J., Kim, H-W., Bell, J. A. and Chanock, R. M.: j0e 
Myxoviruses parainfluenza. Am. J. Pub. Health 52: 907, 1962. 

Paul, J. H. and Freese, H. L.: An epidemiological and bacteriological study of the 
“eommon cold”’ in an isolated arctic community (Spitzbergen). Am. J. Hyg. 
17: 517, 1933. : 

Pereira, M. 8. and Pereira, H. G.: Coe virus. Properties and prevalence in Great 
Britain. Lancet 2: 539, 1959. : 

Price, W. H., Emerson, H., Ibler, I., Lachaine, R. and Terrell, A.: Studies of the 
JH and 2060 viruses and their relationship to mild upper respiratory disease 
in humans. Am. J. Hyg. 69: 224, 1959. 

Reichelderfer, T. E., Chanock, R. M., Craighead, J. E., Huebner, R. J., Turner, 
H. C. and James, W.: Infection of human volunteers with type 2 hemadsorp- 
tion virus. Science. 128: 779, 1958. 

Roden, A. T., Pereira, H. G. and Chaproniere, D. M.: Infection of volunteers by 
virus (APC, type 1) isolated from human adenoid tissue. Lancet 2: 592, 


1956. 

Schild, G. C. and Hobson, D.: Neutralizing antibody levels in human sera with 
the H.G.P. and B.632 strains of common cold virus. Brit. J. Exper. Path. 
43: 288, 1962. 

Schmidt, N. J., Dennis, J., Hagens, 8. and Lennette, E. H.: Studies on the anti- 
body responses of patients infected with ECHO viruses. Am. J. Hyg. 78: 
168, 1962. 

Spickard, A., Evans, H., Knight, V. and Johnson, K.: Acute respiratory disease 
in normal volunteers with Coxsackie A-21 virus infection. III. Response to 
ee and enteric inoculation. J. Clin. Invest. 1963 (to be pub- 
ished). 

Stovin, S.: Sporadic acute respiratory infections in adults with special reference 
to adenovirus infections. J. Hyg. 56: 404, 1958. 

Tyrrell, D. A. J.: Some viruses isolated from common colds. J. Hyg. Epid. Microb. 
& Immunol. 6: 136, 1962. 

Tyrrell, D. A. J., Balducci, D. and Zaiman, T. E.: Acute infections of the respira- 
tory tract and the adenoviruses. Lancet 2: 1326, 1956. 

Tyrrell, D. A. J., Buckland, F. E., Bynoe, M. L. and Hayflick, L.: Cultivation in 
ven ee ae cells of a virus (D.C.) causing colds in man. Lancet 2: 320, 

Tyrrell, D. A. J. and Bynoe, M. L.: Inoculation of volunteers with JH strain of 
new respiratory virus. Lancet 2: 931, 1958. 

Tyrrell, D. A. J. and Bynoe, M. L.: Some further virus isolations from common 
colds. Brit. M. J. 1: 393, 1961. j 

Tyrrell, D. A. J., Bynoe, M. L., Birkum Petersen, K., Sutton, R. N. P. and Perei- 
ra, M. 8.: Inoculation of human volunteers with parainfluenza viruses types 
1 and 3 (HA2 and HA1). Brit. M. J. 17: 909, 1959. 

VanDerVeen, J. and van der Ploeg, G.: An outbreak of pharyngoconjunctival 
fever caused by types 3 and 4 adenovirus at Waalwijk, the Netherlands. Am. 
J. Hyg. 68: 95, 1958. 

Van Horne, R. G., Saslaw, S., Anderson, G. R., Flatley, F. J. and Carr hia Ds: 
An intrafamilial epidemic of pharyngoconjunctival fever. A.M.A.Arch. Int. 
Med. 99: 70, 1957. 

Vargosko, A. J., Chanock, R. M., Huebner, R. J., Luckey, A. H., Kim, H-W., 
Cumming, C. and Parrott, R. H.: Association of type 2 hemadsorption 
(parainfluenza 1) virus and Asian influenza A virus with infectious croup. 
New England J. Med. 261: 1, 1959. 

Ward, T. G., Huebner, R. J., Rowe, W. P., Ryan, R. W. and Bell, J. A.: Produc- 
tion_of pharyngoconjunctival fever in human volunteers inoculated with 
APC viruses. Science 122: 1086, 1955. 


840 South Wood Street 
Chicago 12, Illinois 


Factors of Importance 


in the Control of Influenza 


FRED M. DAVENPORT, M.D. 


Professor of Epidemiology, Department of Epidemiology, School of 
Public Health, and Professor of Internal Medicine, Medical School, 
University of Michigan, Ann Arbor, Michigan 


INFLUENZA is the last uncontrolled great plague of mankind. Epidemics 
and pandemics of unpredictable size and severity recur with disturbing, 
though monotonous, regularity. Prevention can be achieved by vaccina- 
tion, but the application of that procedure is still too limited to contain 
the national spread of epidemics. 


APPROACHES TO CONTROLLING INFLUENZA BY VACCINATION 
(Selection of the Population to be Vaccinated) 


Complete annual coverage of the entire population by vaccination 
against influenza would undoubtedly prevent the occurrence of epidemics 
as we now experience them. However, such an objective is currently 
unrealistic. Supplies of vaccine are limited and acceptance of vaccination 
against influenza is not uniform. 

The question arises, then, how can we obtain the best results with the 
material at hand and the attitudes of the populations we work with? 

The answers to that question vary, as does the scope of the objectives 
in mind. For maximal reduction in incidence, it would seem logical to 
utilize the available vaccine for the protection of that segment of the 
population which generally experiences the highest attack rate, namely 
children of primary and secondary school age. Moreover, since chil- 
dren of school age are the major source of introduction of respiratory 
infections into family units,? other members of the household should 
acquire some benefit thereby. It has, of course, been clearly demonstrated 
that children in this age group can be protected by vaccination,” * 
yet the question has not been answered whether vaccination of school 
children will significantly affect the spread of influenza among older 
segments of the population. Therefore the time seems ripe for setting up 
field experiments designed to supply an answer, since total national 


A portion of the investigations reported was conducted under the auspices of the 
Commission on Influenza, Armed Forces Epidemiological Board, and was supported 
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coverage of school age children would present formidable problems in 
supply and administration of vaccine, and proof of efficacy is desirable 
prior to advocating the assignment of high priority for such a program. 

For safeguarding the normal functioning of the community, certain 
critical services must be maintained. Hence, persons engaged in medical 
and health services. in public safety, public utilities, transportation, 
education and communications fields are urged to be vaccinated in 
years of expected high incidence.* The success of vaccine programs 
oriented to such occupational groups recommends continuance of that 
procedure when an epidemic threatens.” 

There is a third objective which is more closely related to the practice 
of most physicians: the prevention of the influenza-associated deaths 
which in the past have been used as an indicator of the time of occurrence 
and the severity of outbreaks.!: 2 That such a marker can still be em- 
ployed is a challenge to all of us, since there are cogent reasons to believe 
that such deaths are preventable. 

Unfortunately, recurrent shortages in the supply of vaccine and 
periodic shifts in public interest often prohibit simultaneous efforts to 
meet each of these goals, i.e., to limit the incidence and spread of infec- 
tion, to safeguard the community and to prevent deaths. At times, 
distressing decisions must be made concerning the use of the vaccine 
available. At present, the concept of voluntary allocation of vaccine in 
first priority for the prevention of influenza-associated death, as recom- 
mended by the Surgeon General’s Advisory Committee on Influenza 
(U.S.P.HL.S.),? has received widest acceptance, and in this consideration 
will be given the major share of attention. 


CAN INFLUENZA-ASSOCIATED DEATHS BE PREVENTED? 


The thesis that the excess mortality which occurs during epidemics of 
influenza can be reduced by vaccination of appropriate patients rests 
upon two facts and one inference. The first is that vaccination affords a 
high degree of protection against influenza. The second is that the persons 
most likely to die during an epidemic of influenza can be categorized. 
The inference is that vaccination of persons at “high risk” will result in a 
lowering in the number of influenza-associated deaths. A brief comment 
on some features pertinent to each element of this hypothesis seems 
warranted. 

The efficacy of influenza virus vaccines has been firmly established 
by the results of many field trials carried out in this country and abroad. 
The most extensive series of studies are those reported during the past 
two decades by members of the Commission on Influenza of the Armed 
Forces Epidemiological Board. The findings reviewed, or referred to 
elsewhere®: ° may be summarized as follows: The average degree of 
protection conferred by vaccination in 18 controlled field trials against 
influenza A, influenza A-prime, and Asian influenza, was 78 per cent. 
The range was from 41 to 90 per cent. Against influenza B and B-prime 
the results of four field trials yielded an average protection of 90 per 
cent, with a range from 63 to 96 per cent. There was but one failure in 
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the 20 years’ experience, and for reasons described in detail elsewhere! 
it seems highly improbable that such a failure could recur without fore- 
warning. Thus, today, influenza virus vaccines can be prescribed with 
full confidence that they will confer an important benefit. 

It has been known for a long time that the burden of fatalities en- 
countered during an epidemic of influenza is not distributed equally, 
but is clustered in certain easily identifiable segments of the popula- 
tion.’ * The report of Eickhoff et al.* on the excess mortality associated 
with epidemics of Asian influenza re-emphasizes this point. Thus of the 
86,000 excess deaths associated with the Asian influenza epidemics of 
1957-1958 and 1960, 78,900 occurred in persons 45 or more years of age. 
The blight fell heaviest on persons aged 65 or older. Age alone, then, 
provides one criterion for recognition of high risk. Excess deaths number- 
ing 43,900 occurred in persons suffering from cardiovascular-renal 
disorders. Likewise, excess mortality was observed in sundry other 
chronic disease states, e.g., asthma, diabetes mellitus, pulmonary tuber- 
culosis and cirrhosis of the liver. The findings are in agreement with 
those of the classic studies of Collins and Lehman on mortality due to 
epidemic influenza.? From these, and from clinical and laboratory data 
on influenza-associated deaths (reviewed by Eickhoff et al.)* the Surgeon 
General’s Advisory Committee on Influenza (U.S.P.H.S.) attempted to 
define certain ‘“‘high-risk” groups which should receive special emphasis in 
the campaign for better control of influenza.* These are: (1) persons of 
all ages who suffer from chronic debilitating disease, e.g., chronic 
cardiovascular, pulmonary, renal or metabolic disorders; in particular, 
patients with (a) rheumatic heart disease, especially those with mitral 
stenosis, (b) other cardiovascular disorders such as arteriosclerotic 
heart disease and hypertension, especially those with evidence of frank 
or incipient cardiac insufficiency, (c) chronic bronchopulmonary disease, 
for example, chronic asthma, chronic bronchitis, bronchiectasis, pul- 
monary fibrosis, pulmonary emphysema and pulmonary tuberculosis, 
(d) diabetes mellitus, and (e) Addison’s disease; (2) pregnant women; 
and (3) persons in older age groups; those over 45 and particularly those 
over 65 years of age. 

One oft-voiced misconception, that influenza-associated deaths largely 
occur in persons of very limited life expectancy, deserves comment. 
If this were so, one would anticipate that in post-epidemic periods there 
would occur a considerable compensatory deficit in deaths among per- 
sons in the high-risk categories. The evidence demonstrates that only a 
very small deficit can be observed, even in years of very high incidence.°® 
Hence most victims of influenza epidemics are apparently not near- 
terminal patients in whom influenza is the final event, but on the con- 
trary are individuals who might have lived considerably: longer if they 
had escaped infection. In point of principle, preservation of life, without 
regard to extent, needs no defense. To recapitulate, the challenge to 
prevent these deaths remains with us until they no longer occur. 

The inference that, if influenza is prevented by vaccination of persons 
at “high risk,” the frequency of influenza-associated deaths will be 
reduced is based fundamentally on ‘‘prima facie” evidence. Prevention 
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of death of laboratory animals by vaccination prior to challenge with a 
lethal strain of influenza virus is a classroom exercise. Prevention of 
infection by vaccination of healthy subjects has been repeatedly demon- 
strated. Hence the supposition that prevention of disease will result in a 
decline in disease-associated deaths among “high-risk” patients seems 
most reasonable. Yet without formal proof of the validity of the infer- 
ence, some doubts are occasionally expressed that vaccination can pre- 
vent influenza-associated deaths. 

The counter hypothesis is that perhaps the degree of protection found 
in healthy persons may be less or inadequate when the chronically ill are 
vaccinated. There are no data to support this hypothesis, and neither 
proposition is ideal for direct testing since it would seem unacceptable to 
conduct a controlled field trial in which the efficacy of vaccination of the 
chronically ill was to be measured using death as an end point. 

Since the arguments in favor of the concept that the influenza-asso- 
ciated deaths can be prevented by preventing influenza are far more 
persuasive than the reservations mentioned, adoption of a program for 
providing full coverage of the “high-risk” groups by vaccination would 
seem to comprise a logical basis on which to proceed in an attempt to 
control this aspect of the ravages of epidemic influenza. The merit of the 
crucial inference can be tested by observation, if the difficulties of full 
coverage of the ‘“‘high-risk” groups can be resolved. 


DIFFICULTIES IN PROVIDING FULL COVERAGE OF 
“HIGH-RISK” GROUPS 


The mechanics of providing full coverage for “‘high-risk”’ groups in the 
population of the United States present formidable problems. From the 
data of the 1960 census and of the National Health Survey, one can 
obtain an approximation of the magnitude of this venture.* 

Thus, in round numbers, there are probably about 48,983,000 persons 
in the United States who are 45 or more years of age and, of these, 
14,513,000 are aged 65 or older. About 10,000,000 persons in the nation 
report a heart condition or high blood pressure. Similarly, 3,600,000 
persons are listed as having asthma, 2,130,000 as suffering from chronic 
bronchitis, and 2,170,000 persons record the presence of other chronic 
respiratory disease. By like criteria, it may be estimated that there are at 
least 1,500,000 diabetics in our population and a conservative appraisal 
of the number of pregnancies per annum is 4,348,000. Approximately 
1,550,000 persons suffer from nephritis or other diseases of the kidney. 
Of course these numbers cannot be summed to provide the overall 
dimensions of the problem we are considering. However, a conservative 
estimate would be that there are at least 50 million persons in the “high- 
risk” categories. This estimate is derived from the knowledge that there 
are 48,983,000 individuals in the population who are 45 or more years of 


* The author gratefully acknowledges the assistance of Dr. Stanley H. Schuman, 
Department of Epidemiology, School of Public Health, University of Michigan, 
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age, and the assumption that the majority of the patients bearing the 
diagnoses listed would fall in this age gruop. 

In relation to this estimate, one has to consider the amount of vaccine 
available for use. Under the stimulus of the excitement of the advent 
of Asian influenza, 50 million doses of vaccine were produced in 1957- 
1958. To meet the needs of the 1962-1963 respiratory disease season, 
45 million doses were manufactured. In other years, the volume of 
vaccine produced has been considerably less. Hence, since even in years 
of peak production the total volume of vaccine available is not used 
exclusively for protection of the ‘thigh-risk”’ groups, we are faced with 
recurrent vaccine shortages if their requirements are to be satisfied. 

In addition to problems in supply, there are equally vexing problems 
in administration of vaccine. Timing is of the utmost importance. The 
current recommendation is that vaccination be carried out as soon as 
practical after September 1. Persons who have received influenza virus 
vaccines in 1957 or since need only a single annual booster dose. For 
those not immunized during or since 1957 multiple doses are recom- 
mended, separated by various intervals according to age.? The details 
of volume of vaccine, frequency of administration and intervals between 
doses by age and previous vaccine history are given in Table 1. The 
schedule of vaccinations should be completed by mid-December. How- 
ever, if previously unvaccinated patients present themselves after 
October 15, they should be given their first dose promptly. A single dose 
is far better than none and may confer enough protection for many 
patients. The second or third dose, which adds an extra margin of cer- 
tainty, can be given later if influenza has not already appeared locally. 
The only contraindication recognized is hypersensitivity to egg proteins. 


Table 1. Recommended Dosage and Schedule for Inoculation 


PREVIOUSLY VACCINATED NOT PREVIOUSLY VACCINATED 


SUBJECT 
Volume Frequency Volume Frequency Interval 


ae 


Adult 1.0 ml. Once 1.0 ml. Twice 2 months 
Child aged 6 to12 0.5 ml. Once 0.5 ml. Twice 2 months 
Child 3 months to 0.1 ml. or Once* 0.1 or Three 1 to 2 weeks* vs. Ist 
pre-schoolage 0.2 ml. 0.2 ml. times and 2nd dose; 2 
months vs. Ist and 
last dose. 


ee eee ee 
Route: Subcutaneous. a. 
Timing: Vaccination schedule to be completed by mid-December. Begin as soon as 
practical after September Ist. 
Contraindications: Hypersensitivity to egg protems. 
* Acetylsalicylic acid (1 gr. per year of age) every 6 hours for first 24 advised to 


prevent or minimize febrile reaction in this age group. 
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Obviously, it is not easy to implement this program in office practice. 
Patients must be educated to accept immunization against influenza 
as a practical portion of the plan for conservation of their health. The 
physician, the patient and the vaccine must converge within a specified 
time period to obtain optimal results. Nevertheless, when the physician 
is faced with the knowledge that vaccination is the only proven method 
for preventing influenza, and the realization that influenza is a killer 
which has previously exacted its toll without restraint, the difficulties 
mentioned constitute a challenge rather than a deterrent to action. To 
remain passive in the face of this challenge is not in the tradition of 
American medicine. 
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Most INDIVIDUALS during their lifetime will have experienced several 
episodes of illness due to influenza A and B viruses. Fortunately, the 
incidence of serious pulmonary, cardiovascular, neurologic and other 
complications from these common infections is very low in healthy 
persons. Nevertheless, considerable variation in frequency can be ob- 
served in different areas depending upon the socio-economic status and 
general health of the population. Other determinants include age of 
those afflicted and the presence of respiratory, cardiovascular, metabolic 
and other chronic diseases.*: 1° 4-17 It is also possible that some epi- 
demic strains possess more capabilities than others for causing complica- 
tions, although this might, at least in part, be dependent upon the 
immune state of the population.’ 


PROPERTIES OF THE VIRUS THAT RELATE TO TISSUE DAMAGE 


Influenza viruses exhibit toxic properties when injected into a variety 
of laboratory animals. An illness accompanied by a febrile reaction can 
be observed in these nonimmune hosts. Severity depends upon the 
amount inoculated and can lead to death. Pathologic changes consisting 
of engorgement of blood vessels and areas of necrosis are found in the 
tissues of these animals. This reaction is not due to multiplication of the 
virus and a somewhat analogous effect follows administration of in- 
fluenza vaccine to man. Inflammation localized to the injection site 
occurs with a varying degree of fever depending upon the age and im- 
mune status of the individual. The virus does not appear to utilize this 
toxic effect for invasion of cells. A soluble antigen is also produced by 
multiplication of these viruses and antibody is found following infection 
of man. The role of this soluble antigen in disease has not been eluci- 
dated.*: * ® 

Capability for invasion of cells is probably dependent upon the virus 
enzyme, a neuraminidase, that splits nonspecific mucoprotein inhibitory 
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substances in body fluids. This enzyme contributes to attachment of the 
virus to host cells by its effect on receptor sites on the cell surface. Newly 
recovered strains are less reactive with inhibitory substances and 
probably have a greater affinity for cellular receptor sites of man than do 
viruses modified by growth in laboratory animals.” *: "1° i 

Influenza viruses specifically invade and destroy ciliated epithelium 
of the respiratory tract. Cytopathic effects can also be demonstrated 
in cultures of kidney and lung from human fetuses and in monkey kidney. 
Evidence for multiplication of the virus in tissues other than the respira- 
tory tract in the intact human is lacking. Nevertheless, strains can be 
adapted to growth in the lung, brain and vascular cells of laboratory 
animals. It is noteworthy that, prior to adaptation to the mouse lung, 
considerable virus multiplication takes place without producing pneu- 
monia.?’ 4,12, 17 

Indieations of variations in virulence of different strains of influenza 
viruses can be found by behavior in laboratory animals. Some cause 
death of embryonated eggs while others adapt more readily to growth 
in other laboratory hosts. In man, epidemics of influenza A seem to be 
associated with greater incidence of serious complications than those due 
to influenza B. This is more evident when a new variant appears in a 
nonimmune population.*: + 


PATHOGENESIS 


Influenza viruses are known to be transmitted only by the respiratory route. 
The ciliated epithelium of the nasal mucosa, trachea and bronchi is selectively 
invaded and focal areas of destruction are found during the second or third day 
of illness. Loss of cilia, pyknotic nuclei and disappearance of cell borders are 
followed by desquamation of superficial cells. The basal layer becomes flattened, 
and the latter constitutes the only epithelial lining after the second to fifth day. 
Afterward there is regeneration of undifferentiated epithelium without cilia or 
mucus production until the ninth to fifteenth day, at which time mucus produc- 
tion and cilia begin to appear again. Variations in degree of these changes are 
observed and most of the respiratory epithelium may be affected in some cases. 
Also, it is not clear whether there is involvement beyond the bronchi in uncom- 
plicated influenza. Autopsy material reveals epithelial lesions in the bronchioles 
and alveolar cell linings accompanied by hyperemia, edema, hemorrhage or 
leukocytic infiltration of the tunica propria.” 1% 17 

In the early stages of influenza virus pneumonia there is hyperemia and 
broadening of the alveolar walls with interstitial leukocytic infiltration, alveolar 
hemorrhage, and capillary thrombosis with increased focal leukocytic exudate, 
alveolar ducts and alveoli covered with exudate or hyaline membrane. In late 
stages epithelial proliferations are found in the respiratory bronchioles growing 
into adjacent alveoli and covering many alveoli. In the pathogenesis of pneu- 
monia the first site of damage would be the alveolar cell lining and the vascular 
lesions might be secondary to the denuding of the alveolar walls or a consequence 
of viral infection of the endothelium.?: 1° 


PULMONARY COMPLICATIONS 


Probably the most common sequel of influenza is tracheobronchitis. 
Obviously, this should be expected because of the damage to the ciliated 
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epithelium. Even though the febrile stage of the illness has subsided in a 
week or less, reparative processes in the tracheobronchial tree require 
two weeks or longer. Bronchoscopic studies during the course of uncom- 
plicated influenza A2 infection have shown epithelial necrosis 24 hours 
after the onset of clinical symptoms. Loss of epithelial cells, metaplasia, 
thickening and hyalinization of the basement membrane, and inflam- 
matory reaction in the tunica propria were constant features in these 
biopsy specimens. Thus, it is not surprising that secondary bacterial 
infection is a common complication of this tracheobronchitis. If anti- 
biotics have not been administered prematurely, pneumococci, staphylo- 
cocci, Hemophilus influenzae, and sometimes other organisms will be 
found as the infecting agents. Accordingly, Gram-stained sputum smears 
must be examined at frequent intervals and cultures taken whenever a 
productive cough follows an episode of influenza. In addition to prevent- 
ing pneumonia, illness may be shortened by appropriate therapy espe- 
cially in persons with bronchiectasis, emphysema or other chronic 
pulmonary diseases.!9 

Bacterial pneumonia that has its onset early in the course of influenza 
may pursue a fulminating and dangerous course. This type of pneumonia 
might represent a combination of viral and bacterial infection in which 
rapid invasion and spread is made possible by the preceding viral injury 
to bronchioles and alveoli with resulting hyperemia, edema and exudate. 
Delay in recognition of onset of this serious complication frequently 
occurs because a febrile illness is already present. Increased dyspnea and: 
productive cough are indications of onset of pneumonia. Unfortunately, 
many persons wait until the next day to seek medical attention. Exten- 
sive bilateral pneumonia may then be present and death can occur within 
six hours despite vigorous therapy. Appropriate antibiotics, adrenal 
corticosteroids, oxygen, intermittent positive pressure respiration, and 
even tracheotomy for removal of excessive secretions are measures that 
might maintain respiratory exchange during the critical phase. Those 
patients who respond to therapy of the bacterial infection may have a 
prolonged recovery period because of the residual pulmonary damage 
from the virus component of the disease.’: 14) 17 

Pneumonias that occur near the end of the febrile phase or shortly 
thereafter usually are not difficult therapeutic problems unless there is 
predisposing chest disease, complicating chronic illness or an antibiotic- 
resistant organism as the etiologic agent. Early recognition, accurate 
bacteriologic diagnosis and appropriate therapy are obviously important, 
especially when caused by the staphylococcus. The latter causes necrosis 
of the basal cell layer and destruction of the basement membrane. 
Recovery after delayed or inadequate therapy may be complicated by 
permanent alterations, consisting of obliteration of the elastic fibers 
and fibrosis of the tunica propria with hyalinization and distention of the 
basement membrane, which can result in bronchiectasis. A purulent 
sputum mixed with blood is often an early indication of the development 
of staphylococcal pneumonia. r 

Primary influenza virus pneumonia may occur at any age or condition, 
of health, but it is probably more common or, at least, more likely to be 
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fatal, in persons with heart disease, especially mitral stenosis. These 
individuals are seriously ill with extreme dyspnea and cyanosis. There 
are scattered rales and inspiratory wheezes and coarse breath sounds 
without a definite area of consolidation. Roentgenograms of the chest 
reveal a fanning perihilar infiltrate of a diffuse and nodular nature. 
Therapeutic problems include progressive respiratory distress, hypoxia 
and respiratory and metabolic acidosis. Intermittent positive pressure 
breathing and, possibly, adrenal corticosteriods are helpful therapeutic 
measures. Antibiotics should be administered to these individuals be- 
cause it is difficult to exclude the possibility of a combined virus and 
bacterial pneumonia. At autopsy, considerable quantities of virus can be 
recovered from the lungs, but evidence of bacterial infection will not be 
found. Mortality rates are very high in persons with heart disease 
complicated by primary influenza virus pneumonia. It seems likely that 
pulmonary hypertension associated with mitral stenosis plays a role in 
the pathogenesis of this hemorrhagic, edematous pneumonia.” 

PREVENTION of the pulmonary complications of influenza is best 
done by annual vaccination of individuals with chest or heart disease. 
The use of pooled human gamma globulin has not been explored and 
probably would be unpredictable because of variation in amounts of 
specific antibody. Avoiding administration of antibiotics in uncom- 
plicated influenza may not reduce the number of bacterial infections, 
but it will prevent invasion by organisms that are more difficult to treat. 
Early diagnosis is the most effective means of preventing serious com- 
plications. Frequent examinations of the chest with roentgenograms as 
needed and careful attention to the development of chest pain, dyspnea 
or productive cough are essential. Stained smears and cultures of sputum 
on a daily basis will frequently provide evidence of bacterial invasion 
prior to the onset of pneumonitis. Obviously, bed rest for all persons 
with influenza is mandatory. The home environment is usually safer 
than that of the hospital because the individual is not exposed to a 
dangerous bacterial population and, in turn, he will not infect patients 
with other illnesses. 


CARDIOVASCULAR COMPLICATIONS 


Influenza, like other acute infectious diseases associated with fever 
and toxicity, produces effects on the cardiovascular system that can be 
observed and measured. 


Cyanosis, bradycardia or tachycardia, arrhythmias and hypotension may be 
found in cases without previously known cardiovascular disease. Digital rheo- 
plethysmography during the height of illness exhibits decreased digital blood 
flow as evidenced by the time course curves of volume, rate and acceleration in 
rates of inflow, outflow, and differences between inflow and outflow. Increased 
blood flow accompanies improvement and normal patterns are present upon full 
recovery. Electrocardiograms reveal temporary alterations in T waves. The latter 
may be inverted, diphasic, lowered or iso-electric in one or more leads. These 
manifestations are usually more prominent in precordial leads V4 through Ve, 
although in many the standard leads exhibit similar changes. Other alterations 
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are observed in occasional subjects. Effect on the electrocardiogram is most 
obvious early in the illness and usually disappears with convalescence. Spatial 
vectorcardiograms reveal aberrations or irregularities in contour of the QRS 
sp-loop. These may reflect alterations in depolarization, produced by suk tle 
injury, which are not detectable in the conventionally recorded electrocardio- 
gram. These distortions usually disappear with convalescence.) 18 


It is not surprising that an infection such as influenza, that causes 
considerable damage to the respiratory epithelium, toxicity, and prob- 
ably decrease in pulmonary blood flow, should be extremely dangerous 
to persons with pre-existing heart disease. Undoubtedly the degree of 
spread, from nasal epithelium to trachea and bronchi and from there to 
bronchioles and alveoli with development of pneumonia, determines the 
additional load on the cardiovascular system. Bacterial infection in the 
form of bronchitis or pneumonia can increase this burden. As a result of 
influenza there were 86,000 excess deaths during the period from 1957 
to 1960 in the United States. More than half of these were persons with 
cardiovascular-renal disease, and over two-thirds of the total were in 
those who were 65 years of age and older. This represented a transition 
since the 1918-1919 epidemic, when 92 per cent of the excess was due to 
influenza and pneumonia. During the past 10 to 15 years only a fourth of 
the deaths have been due to this cause. Obviously, prevention of in- 
fluenza by immunization is very important to the patient with cardiac 
disease. When the illness occurs in nonimmune individuals, immediate 
bed rest and careful observation for cardiovascular or pulmonary involve- 
ment are necessary for management of each problem as soon as it appears. 
It would also be very prudent to extend the period of convalescence for 
several days beyond the febrile stage of all patients with any type of 
cardiovascular disorder.'° 


Myocarditis as a clinical entity is a rare complication of influenza, occurring 
during or a few days after the febrile illness. Many reports have described 
cellular infiltrations, necrotic foci or generalized degenerative changes in heart 
muscle. Occasionally virus has been recovered, presumably from the myocar- 
dium. Even though adequate laboratory evidence of influenza virus infection 
may be obtained, this does not exclude the presence of another infectious agent. 
In an epidemic chance might associate influenza with other diseases. Growth of 
virus in myocardial cells in man, laboratory animals or heart muscle tissue 
cultures has not been observed. Nevertheless, this does not exclude the possi- 
bility of a toxic myocarditis since heart muscle cells are affected in the same 
fashion as other cells by the toxic action of influenza viruses in tissue culture. 
Pericarditis and endocarditis have also been described as unusual complications. 
It is more probable that the virus would have the capacity to multiply in 
endothelium than in muscle cells. There is evidence that neurotropic strains 
invade the small blood vessels before the nerve cells. This would presuppose a 
viremia, but the latter has not yet been found in man. Also, the virus would 
then be exposed to non-specific neutralizing substances in the blood.* * 77 


Thus, primary action of influenza viruses on the heart or blood vessels 
of man has not been clearly established. However, effects, whether 
primary or secondary, are sufficiently frequent to warrant care. The 
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phenomenon of sudden death, presumably due to myocarditis in an 
apparently healthy individual, is a rare but very distressing happening 
during or shortly after illness. Bed rest throughout the disease and for a 
couple of days thereafter might make these cardiac complications less 
severe and prevent fatalities. 


NEUROLOGIC COMPLICATIONS 


Toxic effects of influenza viruses are best demonstrated by intra- 
cerebral injection of mice. Although unadapted virus does not multiply 
with production of more infectious particles in this tissue, there is 
invasion of cells with formation of aberrant or incomplete forms. Evi- 
dence favors separation of the toxic property from infectivity but, even 
with inactivated virus, toxicity can be shown. Proof is not absolute that 
this effect is completely different from viral multiplication. At any rate, 
it is theoretically possible for influenza virus to affect the central nervous 
system of man by similar mechanisms provided that infectious virus or 
its toxic form or products thereof are capable of reaching this tissue. 
Also, strains of influenza viruses have been adapted to growth in mouse 
brain with production of a hemorrhagic encephalitis. Here, the major 
damage is to small blood vessels. Either of these mechanisms could ex- 
plain the central nervous system manifestations that are observed in 
varying degrees in persons with influenza. Of course, natural adaptation 
of virus to the brain could conceivably occur without an opportunity for 
spread of such a potentially dangerous agent to other individuals.*: 1° 

One of the problems of evaluating nervous system disorders that occur 
during or shortly after influenza is that of determining relationship. 
Obviously, a disease that can affect a large proportion of the population 
at one time will be associated by chance with many and various illnesses. 
This was especially manifest by the frequent occurrence of encephalitis 
lethargica following the 1918 pandemic, but the relationship to influenza 
has never been clearly established. Nevertheless, there have been suffi- 
cient observations since then and including the years of influenza A2 
to warrant description of three types of neurologic complications, a toxic 
encephalopathy, a virus encephalitis, and a postinfluenzal demyelinating 
disease. Unfortunately, like the problems of cardiovascular complica- 
tions of influenza, there has been no definitive method of demonstrating 
the association of virus infection with neurologic disease. Also, there 
have been no reports of viruses recovered from man that exhibited 
cardiotropic or neurotropic properties in animals. The occasional de- 
scription of virus isolated from cerebrospinal fluid or brain tissue might 
have been due to contamination of autopsy material. Nevertheless, some 
of these cases have had typical tracheal and pulmonary lesions of 
influenza.!° 17 

Toxic encephalopathy may cause delirium, acute psychotic episodes, 
or coma. Electroencephalographic abnormalities have also been demon- 
strated in these individuals. Fatal cases have also occurred in which 
delirium, convulsions and coma are accompanied by pleocytosis in the 


The Complications of Influenza 1197 


cerebrospinal fluid. Hemorrhagic encephalitis or other manifestations of 
virus encephalitis are observed in these at autopsy. Postinfluenzal 
demyelinating disease is probably like that following any acute infection 
or vaccination. Polyneuritis, encephalitis, myelitis and the Guillain- 
Barré syndrome may be observed with sufficient frequency during con- 
valescence from influenza to strongly suggest a causative relationship. 
This, of course, implies a greater incidence of these illnesses in association 
with epidemics.” 

Other than prevention of influenza there are no obvious means of 
avoiding neurologic complications. The administration of adrenal corti- 
costeroids may contribute to the therapy of postinfectious demyelinating 
disease, but this has not been definitely established. It may not be pru- 
dent, however, to follow the same course when active virus multiplication 
is causing illness of the central nervous system. Even here, however, all 
measures including tracheotomy and use of a respirator should be 
considered when heroic therapy is needed. 


OTHER COMPLICATIONS, INCLUDING THE COMMUNITY 


A relatively frequent ailment for which a mechanism has not been 
delineated is that of postinfluenzal asthenia. This state of general ill 
feeling may last a few weeks but it is not totally incapacitating, nor have 
there been indications that more serious consequences ensue. It has been 
postulated that this complication might be due either to depletion of the 
adrenal cortex, to emotional or personality factors, or to a reaction from 
the generalized toxicity of the virus on a slowly replaced metabolic 
substance. Measures for prevention or therapy of this complication have 
not been developed. 

The impact of influenza on a modern sophisticated society can be 
readily seen by the increase in use of antibiotics. This is only partly due 
to abuse of these drugs because bacterial infections are common com- 
plications. Included are purulent bronchitis, pneumonia, sinusitis, otitis 
media and diseases secondary to these such as empyema, lung abscess, 
brain abscess and meningitis. In addition to the individual the entire 
population can become involved by a Group A streptococcal outbreak 
following in the wake of an influenza epidemic. Although this relationship 
might be circumstantial, it has occurred frequently enough to strongly 
suggest a direct effect on acquisition of infection and spread of strep- 
tococei,/? ; 

The community can become involved in a more immediate fashion 
by an explosive epidemic of influenza in which personnel of essential 
utilities become ill simultaneously. Medical facilities can also be similarly 
affected and this will be compounded by increase in patient admissions 
and spread of infection to those already hospitalized. The significance 
of epidemic disease on military strength is well known to all students of 
history. Thus, it is imperative that persons who are essential to the func- 
tions of a community as well as those with chronic illnesses should be 


immunized annually. 
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GENERAL PRINCIPLES OF PREVENTION AND MANAGEMENT 


Except by immunization there are no effective means of preventing 
infection by influenza viruses nor ways of determining in advance 
whether the predicted illness will be asymptomatic, mild or severe. 
Excess mortality data have shown that certain groups experience 
most of the complications. Included are persons with chronic cardio- 
vascular, pulmonary, renal or metabolic disorders, those over 60 years 
of age and pregnant women. Immediate bed rest, preferably at home, 
with frequent observations by the physician, followed by several addi- 
tional days of inactivity after the acute stage, regardless of its severity, 
should be fundamental procedures. A throat culture at onset and daily 
smears and cultures of sputum if productive cough is present will con- 
tribute much to prevention of pneumonia by indicating the need for 
therapy of bacterial infection of the bronchi. Vigorous therapy with the 
appropriate antibiotic and, if severe pneumonia develops, positive pres- 
sure respiration and even adrenal corticosteroids and tracheotomy should 
be used to maintain life. Careful attention to examination of the heart 
will provide more instances of diagnosis of these problems in the early 
stages and allow time for therapeutic measures to be effective. In general, 
recognition of the rapidity of development and spread of influenza 
and the increased rate of onset of complications would do much to 
reduce the mortality. Analysis of individual fatal cases frequently 
will reveal that there was delay in therapy. Often this has been caused 
by the patient who did not realize the seriousness of his disease, but the 
same error in timing has frequently been caused by the physician. 


SUMMARY 


The pathogenesis and clinical features of the major pulmonary, 
cardiovascular and neurologic complications of influenza have been 
discussed. Although prevention of the disease would be preferable, 
adequate therapeutic measures can reduce the excess mortality caused 
by this common infection. Awareness by the public and the physician 
of the dangers of these rapidly developing serious complications is 
fundamental to effective therapy. . 
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AT ONE TIME, pneumonia lacking the classical clinical, laboratory and 
roentgenologic features of infection produced by Dzplococcus pneu- 
moniae was termed ‘‘atypical pneumonia.”’ The etiology of certain cases 
of “atypical pneumonia”’ was clarified by the discovery of the influenza 
and psittacosis viruses; cases in which no etiologic agent could be 
identified, and in which cold hemagglutinins were often demonstrable, 
were called ‘primary atypical pneumonia.”’ The nomenclature of the 
pneumonias has become increasingly confusing during the past decade 
because of the discovery of many new infectious agents, insight into the 
nature of previously described agents, and the development of specialized 
diagnostic procedures. It is now clear that all classes of micro-organisms 
which infect man may produce “atypical” forms of pneumonia, and 
currently it is possible to associate specific agents with at least half of 
these infections. 

This discussion will attempt to outline current concepts of the etiology 
and therapy of the atypical pneumonia syndrome. Special attention will be 
given to Eaton’s atypical pneumonia agent, since this micro-organism is 
the leading known cause of the syndrome. Recent information indicates that 
Eaton’s agent belongs to the genus Mycoplasma (pleuropneumonia-like 
organisms, or ‘‘PPLO’’). The Mycoplasmataceae have been of importance 
formerly only to the veterinarian and the research microbiologist; they 
now become of importance to the physician as well, in that the knowledge 
that Eaton’s agent is a PPLO clearly links this genus of micro-organisms 
to human disease for the first time. Etiologic distinction of the pneu- 
monias is essential, since specific therapy is now available for disease due 
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COLD AGGLUTININS ABSENT COLD AGGLUTININS PRESENT* 


| 
MYCOBACTERIA: Tuberculosis 


BACTERIA: Pneumococci 
H. Influenzae 
Staphylococci 


Histoplasma 
Blastomyces 
Coccidioides 


MYCOPLASMA: Eaton PPLO 


RICKETTSIA: Q Fever 


PROTOZOA: Pneumocystis Carinii 


Psittacosis 
Influenza 
Parainfluenza 

ECHO 

Coxsackie 
Respiratory Syncytial 
Adenovirus 


VIRUSES: 


* This group has been called "primary atypical pneumonia”. 


Fig. 1. Etiology of the atypical pneumonias. 


to bacteria, mycobacteria, fungi, rickettsia, psittacosis virus, and 
Eaton’s PPLO. 


ETIOLOGIC CONSIDERATIONS 


General 


Atypical pneumonia may be produced by infections with mycobac- 
teria, bacteria, fungi, rickettsia, protozoa, mycoplasma and viruses. 
Prominent members of these groups of organisms associated with the 
atypical pneumonia syndrome are outlined in Figure 1. Consideration 
of all these infections would be virtually a review of the field of clinical 
microbiology, and is beyond the scope of this paper. Infection with 
M. tuberculosis may at times produce an “‘atypical’’ pneumonia. Among 
the bacteria, pneumococci, Hemophilus influenzae and staphylococci can 
produce the syndrome. Certain fungi—notably histoplasma, blastomyces 
and coccidioides—may cause an identical clinical picture, as can the 
rickettsia of Q fever and the psittacosis and influenza viruses. More 
recently recognized as the cause of an unusual type of pneumonia is the 
protozoan, Pneumocystis carinii. 

Twenty years ago exclusion of infection with the agents listed thus 
far would have provided sufficient criteria for a diagnosis of “primary 
atypical pneumonia.”’ Further subdivision of the cases was impossible 
until the demonstration in 1943*° that certain patients developed agglu- 
tinins reactive against human erythrocytes in the cold. In addition to 
the organisms listed above, a variety of other agents have been found to 
produce pneumonia which is not associated with the development of cold 
hemagglutinins: these include the adenoviruses and the parainfluenza, 
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UNKNOWN 
ETIOLOGY 


ZAE AtB 
MAYXO. INFL uEN. fe 


INFANTS AND CHILDREN 


UNKNOWN 
ETIOLOGY 


45 % 


BACTERIA 
7 


ADULTS 


Fig. 2. Estimates of the relative position of identifiable agents in respiratory disease 


of children and adults requiring hospitalization. (Adapted from Hilleman et al., 
J.A.M.A. 180: 445, 1962.) 


1204 Wa.uace A. Crype, Jr., FLoyp W. DENNY, JR. 


ECHO, Coxsackie and respiratory syncytial viruses. Pneumonia in which 
cold hemagglutinins develop has been associated with only one agent, a 
PPLO which was first isolated by Eaton in 1944.*° ; : 

In many of the earlier reviews on the subject of atypical pneumonia, 
information on the etiology of the cases could not be obtained because 
suitable techniques were not available. Knowledge of the microbiologic 
aspects of pneumonia now makes possible specific diagnoses in the 
majority of cases, as indicated in Figure 2; it is also possible to estimate 
the relative roles of the identifiable respiratory disease agents.?* In 
children, a large segment of pneumonia is produced by the respiratory 
syncytial virus, with adenoviruses, influenza and parainfluenza viruses, 
and Eaton’s agent making relatively minor contributions (Fig. 2, upper). 
In adults, Eaton’s agent assumes much greater importance, and may 
account for about one-fourth of all cases of pneumonia (Fig. 2, lower). 
Here the relatively minor roles of both bacteria and viruses are note- 
worthy. The prominent position of Eaton’s agent in causing pneumonia, 
especially in adults, makes detailed consideration of this peculiar 
organism appropriate. 


Eaton’s Atypical Pneumonia Agent 


HisroricaL Resumé. In 1944, Eaton and co-workers reported the isolation 
of an infectious agent from certain patients with atypical pneumonia which 
could induce pneumonia in cotton rats.1® This agent was found to be “‘filterable,”’ 
and thus was assumed to be viral in nature. Later studies indicated that the 
agent was thermolabile and had a very limited experimental host range, making 
it technically difficult to handle in the laboratory.17 While Eaton’s group was 
able to relate the agent to atypical pneumonia through repeated isolations and 
demonstration of the development of neutralizing antibodies,!§ confirmation of 
their findings by other workers was not immediately obtained. 

During World War II management of atypical pneumonia in recruits posed a 
serious problem for the armed forces, and the Commission on Acute Respiratory 
Diseases of the Armed Forces Epidemiological Board performed a series of 
experiments for investigation of this problem.” Using bacteria-free filtrates of 
sputa and throat washings from clinically characteristic cases, it was determined 
that the pneumonia was transmissible to volunteers. The chief relationship 
between these cases of experimental pneumonia and the patients studied by 
Eaton was the appearance of cold hemagglutinins in many of the subjects. Since 
cold hemagglutination is known to be a nonspecific phenomenon, no etiologic 
significance could be attached to this relationship at the time. 

In 1957, Liu described a technique which provided greater facility in making 
serologic diagnoses of Eaton agent infections.*! Eaton had shown earlier that 
the agent multiplied in chick embryos, but no pathology was produced. Liu 
localized the antigen of the agent to the chick embryo bronchial epithelium by 
applying the fluorescent antibody technique, thereby providing a system which 
could be used to indicate the presence of antibody in unknown sera. These 
“fluorescent-stainable antibodies” have been sought extensively in studies of 
the occurrence and epidemiology of Eaton agent infections. Application of Liu’s 
methods was made by Cook et al.!8 and by Evans and Brobst® to indicate the 
great frequency of Eaton agent disease in various population groups. 

In 1961, Clyde, Denny and Dingle’ studied retrospectively sera which had 
been preserved from the atypical pneumonia experiments of the Commission on 
Acute Respiratory Diseases. Using Liu’s techniques, they demonstrated that 
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Eaton’s agent had been involved in these experiments. Significant fluorescent- 
stainable antibody responses occurred in those men receiving infectious inocula 
who developed pneumonia, as well as in those experiencing mild or subclinical 
infections. This spectrum of disease due to Eaton’s agent has also been demon- 
strated in studies of military recruits by Chanock and co-workers.? These inves- 
tigators established through epidemiologic and serologic data that only about 
one Eaton agent infection in 30 was characterized by clinically diagnosable 
pneumonia. 

The most recent chapter in the history of Eaton agent infections has been 
written at the National Institutes of Health. Koch’s postulates were fulfilled by 
Chanock® and Rifkind# and their co-workers, who recovered the agent from 
patients, propagated it in the laboratory, reproduced the disease by inoculation 
of volunteers, and again recovered the organisms. The association of the agent 
with human disease described first by Eaton has thus been conclusively estab- 
lished. 


Tue Nature or Earon’s Acrnt. Early assumptions that Eaton’s 
agent was a virus stemmed from several facts. Eaton’s studies indicated 
that the infectious particle was about 200 my in diameter,!” which is 
slightly smaller than a vaccinia virus particle, and the agent was thus 
‘‘filterable” as opposed to the bacteria. Application of the commonly- 
used histopathologic techniques to infected animal tissues failed to 
reveal the nature of the agent, nor had evidence of the infecting agent 
been demonstrated in autopsy material from rare fatal cases of atypical 
pneumonia.** Donald and Liu were unable to clarify the nature of Eaton’s 
agent by studying sections of infected chick embryos known to contain 
the fluorescent-stainable antigen.” 

In 1961, Marimon and Goodburn produced the first direct evidence 
that Eaton’s agent was not a virus. Using an intensified Giemsa staining 
technique, they found minute coccobacilli lining the bronchi of infected 
chick embryos, which corresponded to the areas containing fluorescent- 
stainable antigens. Similar techniques were applied by Clyde to tissue 
cultures infected with Eaton’s agent.® After Giemsa staining, extra- 
cellular microcolonies of minute cocci were found in inoculated cultures. 
The colonies could be specifically identified by means of fluorescent 
antibody. These data suggested that the agent was a pleuropneumonia- 
like organism; that this is the case was established in 1962, when Chanock, 
Hayflick and Barile successfully cultivated the organisms in artificial 
media.* 

The identification of Eaton’s agent as a PPLO has revolutionized the 
problem of making etiologic diagnoses in cases of atypical pneumonia. 
Techniques currently available are adaptable to use in the clinical micro- 
biology laboratory, providing a more prospective diagnosis than is 
possible with reliance upon serologic responses. The implications of these 
findings can best be understood with some knowledge of the biologic 
properties of Eaton’s organism. 

Properties or Eaton’s PPLO. Various properties of the PPLO 
generally and of Haton’s PPLO specifically are outlined in Table 1. 
In size, individual organisms are about one-fourth the diameter of a 
single streptococcus. Colony size is variable, but seldom exceeds 0.5 
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Table 1 


ae 


PROPERTIES OF THE PLEUROPNEUMONIA-LIKE ORGANISMS (PPLO) 


a 


1. Size 150-300 my diameter. 

2. Shape Variable. Lack rigid cell wall. 

3. Colonies Less than 0.5 mm. diameter. Grow into the agar, as well as 
on surface. 

4. Growth Fastidious. Require sterol. 

5. Effect of antibiotics Absolute resistance to penicillin. 

6. Effect of antiserum Inhibited by specific antibody in the absence of complement. 


PROPERTIES OF Haton’s PPLO 


1. Size 180-220 mu diameter (filtration ). 

2. Shape Minute cocci or coccobacilli. 

3. Colonies 10-50 » diameter. Appear usually as small spheres, half- 
submerged in the agar. 

4. Growth Require specially prepared yeast extract, and serum. Grow 


well aerobically. Can be cultivated in chick embryo by 
amniotic inoculation. Produces pneumonia in cotton rats 
and hamsters. Grows in a variety of tissue cultures. 
Resistant to penicillin, bacitracin, polymyxin B. Sensitive 
to oleandomycin, tetracycline, tetracycline derivatives. 
Growth inhibited in presence of specific antiserum, or sera 
from patients convalescing from atypical pneumonia. 


5. Effect of antibiotics 


6. Effect of antiserum 


mm.; a microscope or hand lens must be used to visualize the colonies. 
PPLO colonies differ from bacterial colonies in that they grow into the 
agar surface, and cannot be picked up with a bacteriological loop. 
Colonies thus appear as spheres, half-submerged in the agar, or as ‘‘fried 
eggs” if there is an element of surface growth on the agar around the 
thicker central part of the colony. The appearance of colonies of Eaton’s 
PPLO growing on a transparent agar medium is shown in Figure 3. 

PPLO differ structurally from bacteria in that they lack a rigid cell 
wall. This renders them more pleomorphic and more fragile than bacteria, 
and explains their characteristic of resistance to penicillin. The PPLO, 
including Eaton’s organism, are variably sensitive to the action of the 
tetracycline family of antibiotics. 

Most PPLO are fastidious in their nutritional requirements, requiring 
special media for growth. The original medium used for cultivation of 
Katon’s PPLO contained a beef heart infusion and proteose-peptone 
base, supplemented with horse serum and freshly prepared yeast extract. 
Eaton’s PPLO grows slowly on this medium, and colonies may not be 
evident for five to ten days after inoculation of the agar. Definition of 
various factors stimulating growth may foster more rapid diagnosis by 
recovery of the organisms in the future. 

As is the case with other PPLO, growth of Eaton’s organism can be 
inhibited by specific antisera. Eaton first demonstrated this effect in 
1945 by showing that cotton rats were protected from induction of 
pneumonia when sera of patients convalescing from atypical pneumonia 
were mixed with the inocula.!* More recently, a similar effect has been 
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Fig. 3. Colonies of Eaton’s PPLO on transparent agar medium. Colony diameter 


varies from 10 to 100 uw. 400. 

Fig. 4. Appearance of a week-old culture of Eaton’s PPLO 24 hours after addition 
of a sheep blood agar overlay. Zones of clear hemolysis surround individual colonies, 
and coalesce to form larger areas where colonies are closely spaced. x 50. 


shown in neutralization of infectivity of Eaton’s PPLO in tissue cultures 
by the presence of immune sera." #8 

At least three PPLO, M. hominis types 1 and 2, and M. salivarium, 
may inhabit the mouth and pharynx of normal adults.** These strains 
grow on media suitable for recovery of Eaton’s PPLO, and may be 
confusing in evaluation of cultures from patients with pneumonia. 
Several biologic properties are helpful in distinguishing these particular 
PPLO strains, as shown in Table 2. Eaton’s PPLO grows more slowly 
on agar than the other strains; the colonies are smaller, and are usually 
spherical as opposed to the ‘‘fried egg” morphology of the hominis and 
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Table 2. Differential Biologic Properties of Four PPLO Strains 
Isolated from Man 
ee eee ee 


PPLO sTRAINS 


PROPERTIES 
M. hominis I + II M. salivarium Eaton’s PPLO 


Nn eee eee 
Growth on agar: 


Rate: 2b peer Rapid (1-2 days) Rapid (2 days) Slow (5-10 days) 
Colony 
Sizes. 4 Weaee eee > 100 u > 100 pz < 100 u 
IMorpholoryereeerertt “Fried egg” “Fried egg”’ Spherical 
Anaerobé...2 «emer -t No Yes No* 
Growth in broth: 
ARUN CMARocoscoéetooesc Faint, diffuse Diffuse Granular 
Suriace “scum ence Absent Present Absent 
Elemoliy sisi eee Absent Absent Present 


* Growth enhanced by 5 per cent CO: in air. 
+ Mammalian erythrocytes. 


salivarium strains. In liquid media, Eaton’s PPLO produces a finely 
granular turbidity, while the other strains produce a homogenous 
turbidity. M. salivariwm is distinguished by formation of a “scum” 
on the broth surface after 10 to 14 days’ incubation; this strain also 
requires anaerobic conditions for optimal growth. 

Eaton’s PPLO has one biologic property which is not shared by other 
PPLO that have been recovered from man: this is an ability of the 
organisms to lyse mammalian erythrocytes. The hemolytic capacity of 
PPLO colonies is easily evaluated by pouring a blood agar overlay onto 
culture plates bearing mature colonies.!° Several species of mammalian 
erythrocytes are suitable for this purpose, although sheep or guinea pig 
bloods are superior. Eaton’s PPLO-colonies produce beta hemolysis in the 
blood agar overlay after about 24 hours (Fig. 4). The other strains men- 
tioned either produce no hemolysis, or faint alpha hemolysis may occur 
‘after several days. This property permits tentative identification of 
Eaton’s organism, since the other known PPLO of human origin do not 
possess similar hemolytic ability. The technique described can be applied 
to initial cultures from patients, providing a rapid and simple means of 
distinguishing Eaton’s PPLO. 

Sprotogic Reactions rv Eaton PPLO Inrections. For many 
years, the only useful serologic tests for atypical pneumonia were 
measurement of cold hemagglutinins and streptococcus MG agglutinins.‘ 
Both of these antibodies are nonspecific, and develop in many patients 
convalescent from atypical pneumonia, along with false-positive Kahn 
reactions and complement-fixing antibodies for a variety of heterologous 
antigens.* In addition to these nonspecific responses, other serologic 
reactions thought to be related definitively to Eaton PPLO infections have 
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OCCURRENCE OF 3 ANTIBODIES DEVELOPING IN 1l2 PATIENTS 
WITH ATYPICAL PNEUMOMIA (Cleveland, /947-/949) 


| -/0%~ 
Eaton Agent Antibody (fluorescent 48.2%) 


S| Cold Agglutinins (48.2%) 
GY 
Yj, Streptococcus MG Agglutinins (29%) 


Fig. 5. The relationship of specific Eaton agent antibody and 2 non-specific anti- 
bodies is indicated by overlap of the bars. The space between adjacent vertical lines 
represents 10 per cent of the cases. 


been described: these include development of neutralizing and fluores- 
cent-stainable antibodies, and possibly complement-fixing antibodies 
against specific antigen. 


Cold Hemagglutinins. The cold hemagglutination technique is readily avail- 
able in most clinical laboratories, and would thus seem to offer an expedient 
means for diagnosis of Eaton PPLO infections. Unfortunately, the degree of 
response is directly related to the severity of the patient’s disease,’ and milder 
illnesses due to Eaton’s PPLO may not be accompanied by development of this 
antibody. Therapy used may also influence the degree of response.” While 
occasional patients develop cold hemagglutinins during the first week of illness, 
the peak is not reached usually until the second or third week, making this test 
more valuable in retrospective than in prospective diagnosis. 

Not all patients with Eaton PPLO infections develop cold hemagglutinins, 
and some patients with this response do not show evidence of Eaton PPLO 
disease. This relationship is illustrated in Figure 1 and in Figure 5. Whether 
PPLO other than Eaton’s organism can cause pneumonia associated with the 
development of cold hemagglutinins is a matter of speculation at present. 

Streptococcus MG Agglutinins. Agglutinins for the MG strain of nonhemolytic 
streptococci have been reported less frequently in atypical pneumonia than have 
cold hemagglutinins.* The test is more difficult to perform, and contributes 
little additional diagnostic information in most instances. This antibody is often 
found in patients who also develop cold hemagglutinins and antibodies for 
Eaton’s PPLO, as indicated in Figure 5. 

Neutralizing Antibody for Eaton’s PPLO. Convalescent-phase sera from many 
patients with Eaton PPLO infections have the ability to inhibit growth of the 
organisms.1: 18 3 The procedure is less sensitive than other specific tests now 
available, and the techniques are not readily adaptable to the diagnostic 
laboratory. 

Flourescent-Stainable Antibody for Eaton’s PPLO. Antibody measureable by 
the methods of Liu (see Historical Resumé above) has been widely employed in 
many of the studies providing current information on Eaton PPLO infections. 
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This test appears to be quite sensitive and specific, offering a sound means of 
retrospective diagnosis. The techniques are not adaptable to use in the average 
clinical diagnostic laboratory, however. 

The relationship of this specific antibody response and the nonspecific re- 
sponses has been indicated above (see Figure 5). Patients developing cold 
hemagglutinins are estimated to have fluorescent-stainable antibodies for Eaton’s 
PPLO in 50 to 80 per cent of cases.” 5 % 82 While no exact figure can be derived 
currently, these specific antibodies often occur in the absence of cold hemagglu- 
tinin rises. Fluorescent-stainable antibody responses are unrelated to the degree 
of illness, and may occur in the absence of clinical disease.» 7 Unlike cold hemag- 
elutinins, fluorescent-stainable antibody rises develop in the third or fourth 
week of illness, persist 12 to 18 months,” and can be related to immunity against 
Eaton’s PPLO.” # 

Complement Fixation with Eaton’s PPLO. Recently described is a comple- 
ment-fixation technique for diagnosis of Eaton PPLO infections, using as 
antigen organisms propagated in broth culture.* This procedure may be adapt- 
able to diagnostic laboratories equipped to perform other complement-fixation 
tests when standardized reagents become available. Data presented by Chanock 
et al.® indicate that this serologic reaction could be found in about 85 per cent 
of patients having fluorescent-stainable antibody rises to Eaton’s PPLO. The 
procedure is thus somewhat less sensitive than the fluorescent-stainable antibody 
test; the specificity of the reaction also needs scrutiny, since convalescent-phase 
sera from patients with atypical pneumonia may fix complement with a variety 
of heterologous antigens. 


CLINICAL ASPECTS OF INFECTION WITH EATON’S PPLO 


Infections with Eaton’s organism produce no pathognomonic clinical 
features, *7 and illnesses caused by this agent are indistinguishable 
from the other infections discussed above unless special diagnostic 
procedures are used. The disease may occur both sporadically and in 
epidemics. Available data suggest that the infection is not highly com- 
municable.? The incubation period indicated by results of the volunteer 
experiments is seven to 14 days for pneumonia, and one to 19 days 
for nonpneumonic respiratory illness.’ 7:4! The onset of symptoms is 
abrupt, with fever, headache, malaise, cough and chills frequently 
present. The most consistent physical finding is rales, which often follow 
the appearance of pneumonic infiltration seen by x-ray. A hemorrhagic 
type of myringitis developed in some inoculated volunteers,*: 4! but this 
has not been described in the naturally-occurring infections. Peripheral 
leukocyte counts are frequently normal, but may vary within wide 
limits. Symptoms usually abate in three to ten days, although x-ray 
changes may persist for one to three weeks in untreated cases.®° 


ILLUSTRATIVE Casz (Fig. 6). A 26 year old Caucasian male was hospitalized 
following a 2 day history of malaise, headache and chills. Temperature elevations 
from 102° to 106° F. had been documented 1 day prior to admission, at which 
time the patient developed a nonproductive cough. The initial physical exami- 
nation was unremarkable except for the presence of fever. Chest x-ray revealed 
a pneumonic infiltration in the right upper lobe. Leukocyte counts were normal 
and bacterial throat cultures revealed no pathogenic organisms. On the second 
hospital day the patient’s cough became productive, and rales were detected. 
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EATON PPLO PNEUMONIA 


DATA Day of Illness 
2 4 6 8 10 12 18 26 


/06 
Eaton's PPLO isolated from sputum 


104 


Temperature 
(maximum,°F.) 102 
100 
98 Pte 
Leukocytes (M/mm®>) 7.4 9.5 10.5 
Polymorph. / Lymph. % a tte 
Chest X-Ray A B C D 
Fluo t Anti 
uorescen peony ton} <l0 320 
Complement Fixation 8 64 64 
C-Reactive Protein =f aF se ie) 
Cold Agglutinins <8 <8 1024 256 
Strep. MG Agglutinins <20 <20 <20 


Fig. 6. Illustrative case of Eaton’s PPLO pneumonia (see text). 


Cultures of the sputum for PPLO revealed a heavy growth of Haton’s organism, 
and a light growth of M. salivarium. Cold hemagglutinin titers rose from <8 to 
1024 by the twelfth day of illness. At 3 weeks, titers of fluorescent-stainable and 
neutralizing antibodies for Eaton’s PPLO had increased from <10 to 320; 
complement-fixing antibody titers changed from 8 to 64 at the same time. 
There were no demonstrable antibodies to the MG streptococcus. 

The patient demonstrated the natural course of Eaton PPLO pneumonia, as 
shown in Figure 6. Rales were still present on the thirteenth day of illness; 
physical findings and the pulmonary infiltration had resolved by the twenty- 


first day. 


DIAGNOSIS OF EATON INFECTIONS 


Eaton PPLO infections may be diagnosed definitively only by re- 
covery of the organisms, or by demonstration of specific serologic 
responses. Eaton’s PPLO has been isolated from sputa, pharyngeal 
swabs and throat washings, using cotton rats, embryonated eggs, a 
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variety of tissue cultures, and artificial media.* 1% %° * The use of arti- 
ficial media is preferable at the present time because of the adaptability 
of the techniques to the clinical diagnostic laboratory. 

The fluorescent-stainable antibody test has been the most extensively 
evaluated specific serologic technique for diagnosis of Eaton PPLO 
infections, but the procedure is technically difficult and available only 
in the research laboratory. Reagents for the complement-fixation pro- 
cedure are not yet obtainable commercially, nor has the methodology 
been adequately evaluated for clinical use. 

Cold hemagglutinins should be sought in all patients with atypical 
pneumonia. It must be emphasized that this nonspecific test is not diag- 
nostic of Eaton PPLO infections, although significant (fourfold) rises in 
titer are frequently associated with the more severe cases of Eaton PPLO 
pneumonia. As a prospective diagnostic aid, sera collected early in 
illness can be tested singly, as well as in comparison with convalescent- 
phase samples. Initial titers of 32 or greater are usually considered 
abnormal, and may occur during the first week of illness. The strepto- 
coccus MG test adds another nonspecific parameter which can be used, 
subject to the same deficiencies characteristic of cold hemagglutinins. 
Agglutinins for the streptococcus MG are found in lower titer and less 
frequently than are cold hemagglutinins (see Fig. 5). 

Technical details concerning diagnostic procedures for Eaton PPLO 
infections have been compiled by the American Public Health Associa- 
tion.°® 


THERAPEUTIC CONSIDERATIONS 


General 


Several controlled studies and a number of uncontrolled series evaluat- 
ing therapy of atypical pneumonia appeared prior to 1956. It is difficult 
to assess the evidence presented, and much controversy has been 
generated around the issue of antibiotic therapy in patients with the 
atypical pneumonia syndrome. In the studies to be considered, diseases 
were evaluated which did not have an established etiologic diagnosis. 
Pneumonia due to bacteria, mycobacteria, fungi, and influenza and 
psittacosis viruses was theoretically excluded from consideration. While 
many of the patients’ illnesses were associated with cold hemagglutinin 
responses, it cannot be assumed that Eaton PPLO disease was being 
studied; no means were available for diagnosis of infections due to 
adenoviruses, parainfluenza viruses, respiratory syncytial virus, and 
other newly described agents. 

Uncontrolled therapeutic trials will not be considered here; results 
of the controlled series are summarized in Tables 3 and 4. Variations in 
the experimental protocols of the diverse studies preclude exact com- 
parisons of the data obtained. Several points of dissimilarity are: 
(1) variations in the severity of illnesses; (2) differences in the duration 
of illness before therapy was started, and in the total duration of illness; 
(3) the thoroughness with which known diseases were excluded ; (4) con- 
siderable variation in the percentages of patients showing cold hemag- 
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Table 3. Summary of Controlled Therapeutic Trials in Atypical Pneumonia: 
Response Based Upon Defervescence Within 48 Hours After 


Initiation of Therapy 


STUDY 


ANTIBIOTIC 


PER CENT RESPONDING 


POSITIVE COLD 


AGGLUTININS 
Treated Control* (per cent) 
Meiklejohn, 1949 Chlortetracycline 72 30 93 
38 Cases 
Hilden, 1950 Chlortetracycline 92 0 — 
25 Cases 
Schoenbach, 1950 Chlortetracycline 70 23 55 
55 Cases 
Gallagher, 1952 Chlortetracycline 100 13 100 
16 Cases 
Homer, 1952 Chlortetracycline 83 89 5 
130 Cases 
Walker, 1953 Chlortetracycline 36 34 36 
212 Cases 
Meiklejohn, 1954 Chlortetracycline 83 
147 Cases Oxytetracycline 83 53 
Chloramphenicol 94 == 
Kingston, 1961 Demethylchlor- 45 5 47 
133 Casest tetracycline 


* Penicillin, sulfonamides, placebos or no therapy. 
; All patients developed fluorescent-stainable antibody to Eaton’s PPLO. 


Table 4. Summary of Controlled Therapeutic Trials in Atypical Pneumonia: 
Response Based upon the Duration of Fever After Initiation of Therapy 


AVERAGE DAYS FEBRILE 
POSITIVE COLD 


STUDY ANTIBIOTIC AGGLUTININS 
Treated Control* OES) 
Harvey, 1949 Chlortetracycline 4 3 8 
15 Cases 
Peck, 1951 Chlortetracycline 1.6 4.3 12 (treated) 
141 Cases Chloramphenicol 2.6 39 (controls) 
Streptomycin 1.4 
Wolf, 1956 Chlortetracycline 1.8 0.8 56 
118 Cases Erythromycin Qe 
Oxytetracycline 3 
Tetracycline i 


a EEE EEE 
* Penicillin, sulfonamides, place bos or no therapy. 
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glutinin responses; and (5) temporal, seasonal and geographic differences 
in the experiments. Despite these differences, certain generalizations 
can be drawn from the basic similarities of the studies. 

In half of the ten studies under consideration, the investigators con- 
cluded that a favorable response was achieved by the test antibio- 
tics?>: 27. 34. 85,4 The proportion of patients demonstrating significant 
cold hemagglutinin responses in these series ranged from 55 to 100 
per cent. The average duration of illness in the control groups was less 
than ten days, and a balanced sampling of degrees of illness was in- 
cluded. In the five studies which indicated no significant response to 
therapy, cold hemagglutinins developed in from 5 to 56 per cent of 
patients.2% 2%. 3%. 44,45 There was considerable difference in the severity 
and duration of the illnesses described, and the criterion of responsive- 
ness in three of the five studies’ ** “4 was based upon the average 
duration of fever after institution of therapy. No means are available 
for determining the etiologic agent in the cases of atypical pneumonia 
comprising these series. The data suggest, on the basis of cold hemag- 
glutinin responses and the natural course of disease, that Eaton PPLO 
infections may have been predominant in the studies indicating a favor- 
able response to therapy. There is less evidence for associating Eaton’s 
PPLO with the series showing lack of response to the therapeutic agents. 
It is of interest to compare these studies with the one published report 
on therapy of atypical pneumonia due specifically to Eaton’s PPLO*° 
(Table 3). 


Therapy of Eaton PPLO Infections 


The sensitivity of Eaton’s PPLO to antibiotics has been studied by 
several techniques. In general, the data follow patterns established for 
other PPLO, indicating resistance to penicillin and variable sensitivity to 
the tetracycline compounds.** The ultimate answer to the usefulness 
of antibiotic therapy in Eaton PPLO infections depends upon controlled 
clinical evaluations in patients with established etiologic diagnoses. 
At the present time only one such study has appeared (Table 3), which 
will be discussed below. 

SENsITIVITY OF Eaton’s PPLO. The effect of various therapeutic 
agents on Katon’s PPLO has been evaluated by treatment of infected 
chicken embryos, hamsters, cotton rats and tissue cultures.!!: 20, 21, 22, 33 
Drugs which have been used for this purpose include sodium aurothioma- 
late, penicillin, streptomycin, chloramphenicol, carbomycin, erythromy- 
cin, bacitracin, polymyxin B, oleandomycin, tetracycline and tetracycline 
derivatives. Experiments using animals indicated that the natural 
course of Haton PPLO infection was not affected by penicillin, but was 
altered significantly by many of these drugs (carbomycin, erythromycin, 
tetracycline and chlortetracycline). Results obtained by therapy with 
chloramphenicol and streptomycin have been variable, and depend 
upon such factors as the strain of Eaton PPLO employed and drug 
dosages used. 


Quantitative sensitivity data are available only from the studies 
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performed using infected tissue cultures." These experiments were 
designed to include evaluation of the effect of antibiotie concentrations 
which can be achieved in the sera of patients given reeommended doses 
against standardized amounts of Eaton’s PPLO. At the expected range 
of serum concentrations (0.5 to 1.5 wgm./ml.), the drugs which were 
effective against 10,000 organisms/ml. were tetracycline, demethyl- 
chlortetracycline and oleandomycin; at the same levels, streptomycin, 
chloramphenicol, chlortetracycline and oxytetracycline produced equiv- 
ocal results. Since the latter group of drugs was used chiefly in the 
therapeutic trials conducted prior to 1956, another factor is suggested 
which may have made the responses to therapy difficult to assess. 
Eaton’s PPLO has been found resistant to penicillin, bacitracin and 
polymyxin B. 

CuinicaL THERAPEvTIC TRIAL. In 1961, a controlled double-blind 
study was performed during an epidemic of Eaton agent pneumonia 
occurring in Marine recruits at Parris Island, South Carolina.*® The 
efficacy of demethylchlortetracycline was compared to placebo therapy 
in 109 patients with Eaton PPLO pneumonia, and in 157 patients with 
atypical pneumonia due to other causes. Response to therapy was 
based upon reduced duration of symptoms, signs and x-ray changes. 

It was demonstrated that the patients with Eaton PPLO pneumonia 
who received demethylchlortetracycline responded as compared to the 
control groups by significant reduction in severity and duration of 
fever, fatigue, cough, rales and pulmonary infiltrates. The usefulness of 
demethylchlortetracycline in Eaton PPLO infections was thus docu- 
mented. 

Unfortunately, no other antibiotics have been evaluated for treatment 
of known Eaton PPLO disease; it should not be assumed, therefore, that 
demethylchlortetracycline is the drug of choice, nor that other anti- 
biotics may not be clinically effective. Sensitivity data indicate that 
demethylchlortetracycline and tetracycline are equally effective at the 
same concentration. Oleandomycin is approximately 50 times more 
potent on the same basis,!! but expected serum levels of this drug are 
lower following the recommended dosages. The potential toxicity of 
oleandomycin would seem to preclude its use in Eaton PPLO infections, 
where the natural course of illness is generally benign, and other effec- 
tive, less hazardous therapy is available. 


Planning Specific Therapy in Atypical Pneumonia 


The physician confronted with a patient having the clinical picture 
of atypical pneumonia has the difficult problem of making a prospective 
etiologic diagnosis in order to choose appropriate specific therapy. The 
presence of bacterial atypical pneumonia may be suggested by the 
leukocyte response, Gram stain examination of sputum, and throat or 
sputum cultures. Diagnosis of the mycobacterial and fungal infections 
is more time-consuming, but is aided by epidemiologic information, 
examination of sputum with the Ziehl-Neelsen and potassium hydroxide 
techniques, performance of intradermal tests, and appropriate cultures. 


1216 Wauuace A. Crys, Jr., Fuoyp W. DENNY, JR. 


While epidemiologic data may suggest the presence of influenza or 
psittacosis virus infections, distinction of atypical pneumoma due to 
other viruses and to PPLO presents the greatest diagnostic difficulty. 
Serologic data are of no prospective value, except for the cold hemaggluti- 
nin response which may be developing when the patient 1s first seen. 
Techniques for recovery and identification of viruses are difficult and 
lengthy. Eaton’s PPLO is more easily cultivated, but five to ten days 
are required for the procedures which have been discussed. 

Having tentatively excluded bacterial, mycobacterial and fungal dis- 
ease, the physician’s next step is to estimate the clinical severity of 
atypical pneumonia. Supportive care alone may be indicated in mild 
cases, for the natural course of that portion of disease amenable to 
therapy (PPLO) is not significantly altered by the use of antibiotics. 
In the cases of more marked severity, antibiotic therapy should be 
instituted. Tetracycline (0.5 gram four times daily) or demethylchlor- 
tetracycline (0.3 gram three times daily) may be used, until the patient 
has been afebrile for 48 to 72 hours. Administration of these drugs for 
five to seven days would represent an average course of therapy. The 
photosensitizing effect of demethylchlortetracycline should be remem- 
bered in planning treatment for the patient who may be exposed to 
sunlight. 


SUMMARY 


Atypical pneumonia is a clinical syndrome which may be caused by 
bacteria, mycobacteria, fungi, protozoa, rickettsia, mycoplasma and 
viruses. Those cases associated with rises of cold hemagglutinins and 
formerly called ‘‘primary atypical pneumonia” are due largely to infec- 
tion with Eaton’s agent, which is a pleuropneumonia-like organism 
(PPLO). Eaton’s organism resembles other PPLO in forming micro- 
scopic colonies on agar media, showing absolute resistance to penicillin, 
and in being variably sensitive to the tetracyclines. It differs from 
PPLO isolated from the human oropharynx in growth characteristics 
and in possessing ability to lyse mammalian erythrocytes. In addition 
to cold hemagglutinins and other nonspecific antibody responses, infec- 
tion with Eaton’s organism induces specific neutralizing and fluorescent- 
stainable antibodies. The clinical picture of Eaton PPLO infections is not 
distinctive: isolation of the organisms or demonstration of specific 
antibody rises are needed for diagnosis. 

Critical review of controlled studies evaluating therapy in atypical 
pneumonia suggests that those series favoring use of antibiotics may have 
included cases of Eaton PPLO pneumonia. Experimental studies indi- 
cate that Haton’s organism is most sensitive to oleandomycin, tetracy- 
cline and demethylchlortetracycline. Since viral and PPLO pneumonias 
cannot be distinguished clinically and laboratory diagnosis is usually 
made in retrospect, therapy with tetracycline or demethylchlortetra- 
cycline may be indicated for cases in which other etiologic agents can be 
excluded. 


The Etiology and Therapy of Atypical Pneumonia 1207 


REFERENCES 


. Ahvenainen, E. K.: Interstitial plasma cell pneumonia. Ped. Clin. North America 


4: 203, 1957. 


. Chanock, R. M., Mufson, M. A., Bloom, H. H., James, W. D., Fox, H. H. and 


Kingston, J. R.: Eaton agent pneumonia. J.A.M.A. 175: 213, 1961. 


. Chanock, R. M., Rifkind, D., Kravetz, H. M., Knight, V. and Johnson, K. M.: 


Respiratory disease in volunteers infected with Eaton agent; a preliminary 
report. Proc. Nat. Acad. Sc. 47: 887, 1961. 


. Chanock, R. M., Hayflick, L. and Barile, M. F.: Growth on artificial medium of 


an agent associated with atypical pneumonia and its identification as a 
PPLO. Proc. Nat. Acad. Sc. 48: 41, 1962. 


. Chanock, R. M., Mufson, M. A., James, W. D., Fox, H. H., Bloom, H. H. and 


Forsythe, B.: Recovery of PPLO of atypical pneumonia on artificial agar 
medium. Proc. Soc. Exper. Biol. & Med. 110: 543, 1962. 


. Chanock, R. M., James, W. D., Fox, H. H., Turner, H. C., Mufson, M. A. and 


Hayflick, L.: Growth of Eaton PPLO in broth and preparation of comple- 
ment fixing antigen. Proc. Soc. Exper. Biol. & Med. 110: 884, 1962. 


. Clyde, W. A., Jr., Denny, F. W. and Dingle, J. H.: Fluorescent-stainable anti- 


bodies to the Eaton agent in human primary atypical pneumonia transmis- 
sion studies. J. Clin. Invest. 40: 1638, 1961. 


. Clyde, W. A., Jr.: Demonstration of Eaton’s agent in tissue culture. Proc. Soc. 


Exper. Biol. & Med. 107: 715, 1961. 


. Clyde, W. A., Jr. and Jordan, W. S., Jr.: Eaton PPLO infections (primary atypi- 


cal pneumonia). 77 Diagnostic Procedures for Virus and Rickettsial Diseases, 
3rd en é E. H. Lennette, Ed.). New York, American Public Health Associa- 
tion, ioe 


. Clyde, W. A., Jr.: Hemolysis in identifying Eaton’s pleuropneumonia-like 


organism. Science 139: 55, 1963. 


. Clyde, W. A., Jr.: Studies on growth of Eaton’s agent in tissue culture. Proc. 


Soc. Exper. Biol. & Med. 112: 905, 1963. 


. Commission on Acute Respiratory Diseases: Transmission of primary atypical 


pneumonia to human volunteers. II. Results of inoculation. Bull. Johns 
Hopkins Hosp. 79: 109, 1946. 


. Cook, M. K., Chanock, R. M., Fox, H. H., Huebner, R. J., Buescher, E. L. and 


Johnson, R. T.: Role of Eaton agent in disease of lower respiratory tract: 
Evidence for infection in adults. Brit. M. J. 1: 905, 1960. 


. Dingle, J. H. and Jordan, W. S., Jr.: Primary atypical pneumonia. Jn Viral and 


Rickettsial Infections of Man, 3rd Ed. (Rivers and Horsfall, Eds.). Phila- 
delphia, J. B. Lippincott Co., 1959. 


. Donald, H. B. and Liu, C.: Cytological studies of chick embryo cells infected with 


the virus of primary atypical pneumonia. Virology 9: 20, 1959. 


. Eaton, M. D., Meiklejohn, G. and van Herick, W.: Studies on the etiology of 


primary atypical pneumonia. I. A filterable agent transmissible to cotton 
rats, hamsters, and chick embryos. J. Exper. Med. 79: 649, 1944. 


. Eaton, M. D., Meiklejohn, G., van Herick, W. and Corey, M.: Studies on the 


etiology of primary atypical pneumonia. II. Properties of the virus isolated 
and propagated in chick embryos. J. Exper. Med. 82: 317, 1945. 


. Eaton, M. D., van Herick, W. and Meiklejohn, G.: Studies on the etiology of 


primary atypical pneumonia. III. Specific neutralization of the virus by 
human serum. J. Exper. Med. 82: 329, 1945. 


. Eaton, M. D. and van Herick, W.: Serological and epidemiological studies on 


primary atypical pneumonia and related upper respiratory disease. Am. J. 
Hyg. 46: 82, 1947. 


. Eaton, M. D.: Action of aureomycin and chloromycetin on virus of primary 


atypical pneumonia. Proc. Soc. Exper. Biol. & Med. 73: 24, 1950. 


. Eaton, M. D.: Effect of some newer antibiotics on the virus of primary atypical 


pneumonia. Jn Antibiotics Annual, 1954-1955 (Welch, Marti-Ibanez, Eds.). 
New York, Medical Encyclopedia, Inc., 1954. 


. Eaton, M. D. and Liu, C.: Studies on sensitivity to streptomycin of the atypical 


pneumonia agent. J. Bact. 74: 784, 1957. 


. Eaton, M. D., Farnham, A. E., Levinthal, J. D. and Scala, A. R.: Cytopathic 


effect of the atypical pneumonia organism on cultures of human tissue. J. 
Bact. 8&4: 1330, 1962. 


. Evans, A. 8. and Brobst, M.: Bronchitis, pneumonitis and pneumonia in Uni- 


versity of Wisconsin students. New England J. Med. 265: 401, 1961. 


. Gallagher, C. D. and Gallagher, J. R.: Effect of Aureomycin on the development 


1218 Wa uace A. Ciyps, Jr., FLoyp W. Denny, JR 


26. 
27. 
28. 


29. 


30. 


31. 
32. 


33. 


34. 
35. 


36. 


37. 
38. 
39. 


40. 
41. 


42. 


43. 


44, 
45. 


of cold agglutinins in primary atypical pneumonia. New England J. Med. 
247: 314, 1952. a ; / 

Harvey, J. C., Mirick, G. 8. and Schaub, I. G.: Clinical experience with Aureo- 
mycin. J. Clin. Invest. 28: 987,1949. ; : 

Hilden, T. and Ngrregaard, S.: Aureomycin in treatment of primary atypical 
pneumonia (virus pneumonia). Ugesk. f. Laeger 112: 1389, 1950. 

Hilleman, M. R., Hamparian, V. V., Ketler, A., Reilly, C. M., McClelland, L., 
Cornfeld, D. and Stokes, J., Jr.: Acute Respiratory Illnesses among children 
and adults. Field study of contemporary importance of several viruses and 
appraisal of the literature. J.A.M.A. 180:445,1962. ; 

Homer, L., Donovan, W. N. and Radke, R. A.: Effect of antibiotics in pneumonia. 
U. S. Armed Forces M. J. 3: 1767, 1952. 

Kingston, J. R., Chanock, R. M., Mufson, M. A., Hellman, L. P., James, W. D., 
Fox, H. H., Manko, M. A. and Boyers, J.: Eaton agent pneumonia. J.A.M.A. 
176: 118, 1961. eS biped ia 

Liu, C.: Studies on primary atypical pneumonia. I. Localization, isolation, and 
cultivation of a virus in chick embryos. J. Exper. Med. 106: 455, 1957. 

Liu, C., Eaton, M. D. and Heyl, J. T.: Studies on primary atypical pneumonia. 
II. Observations concerning the development and immunological charac- 
teristics of antibody in patients. J. Exper. Med. 109: 545, 1959. 

Marmion, B. P. and Goodburn, G. M.: Effect of an organic gold salt on Eaton’s 
primary atypical pneumonia agent and other observations. Nature 189: 247, 
1961 


Meiklejohn, G. and Shragg, R. I.: Aureomycin in primary atypical pneumonia. 
A controlled evaluation. J.A.M.A. 140: 391, 1949. 

Meiklejohn, G., Thalman, W. G., Waligora, D. J.. Kempe, C. H. and Lennette 
E. H.: Chemotherapy of primary atypical pneumonia. J.A.M.A. 154: 553, 
1954. 

Morton, H. E.: The pleuropneumonia and pleuropneumonia-like organisms. In 
Bacterial and Mycotic. Infections of Man, 3rd Ed. (R. J. Dubos, Ed.). 
Philadelphia, J. B. Lippincott Co., 1958. 

Mufson, M. A., Manko, M. A., Kingston, J. R. and Chanock, R. M.: Eaton agent 
pneumonia— clinical features. J.A.M.A. 178: 369, 1961. 

Parker, R., Jr., Jolliffe, L. S. and Finland, M.: Primary atypical pneumonia. 
Report of eight cases with autopsies. Arch. Path. 44: 581, 1947. 

Peck, G. A. and Berry, J. W.: Antibiotic therapy in primary atypical pneumonia. 
Use of Aureomycin, Chloromycetin, streptomycin, and penicillin in con- 
trolled studies. Antibiotics & Chemotherapy 1: 291, 1951. 

Peterson, C. L., Ham, T. H. and Finland, M.: Cold agglutinins (autohemagglu- 
tinins) in primary atypical pneumonia. Science 97: 167, 1943. 

Rifkind, D., Chanock, R., Kravetz, H., Johnson, K. and Knight, V.: Ear involve- 
ment (myringitis) and primary atypical pneumonia following inoculation of 
volunteers with Eaton agent. Am. Rev. Resp. Dis. 85: 479, 1962. 

Schoenbach, E. B., Sweed, A., Tepper, B. and Bryer, M. S.: An evaluation of 
Aureomycin therapy in primary atypical pneumonia. New England J. Med. 
243: 799, 1950. 

Thomas, L., Mirick, G. 8., Curnen, E. C., Ziegler, J. E., Jr. and Horsfall, F. L., 
Jr.: Serological reactions with an indifferent streptococcus in primary 
atypical pneumonia. Science 98: 566, 1943. 

Walker, S. H.: Ineffectiveness of Aureomycin in primary atypical pneumonia. 
A controlled study of 212 cases. Am. J. Med. 15: 593, 1953. 

Wolf, R. L. and Brown, L. T.: Primary atypical nonbacterial pneumonia. An 
evaluation of the efficacy of antibiotic therapy in one hundred eighteen 
cases. Arch. Int. Med. 97: 593, 1956. 


University of North Carolina School of Medicine 
Chapel Hill, North Carolina 


Poliomyelitis Immunization—196 3 


From the Department of Epidemiology 
and Public Health, Yale University 
School of Medicine, New Haven, Connecticut 


JOHN R. PAUL, M.D., F.A.C.P., FRCP. 


Eme. itus Professor of Preventive Medicine; Associate Physician, Grace-New Haven 
Community Hospital 


THE story of the development of effective methods for immunizing 
against poliomyelitis is not one of triumphant conquest as some feature 
writers would like to make us believe, nor is it finished. Success in the 
reduction of cases of paralytic poliomyelitis did indeed come dramatically 
in 1955 and heartening gains have come since, but the elimination of 
infection by polioviruses, particularly in the developing countries, may 
still be a long way off. In any event this report on the status of immu- 
nization against poliomyelitis, which bears the date of April, 1963, deals 
with a subject in transition. Methods are certainly liable to change 
both as to techniques of administration and immunizing agents employed. 


It may not be common knowledge that almost immediately after the discovery 
of the virus of poliomyelitis in 1909,” efforts to produce a vaccine began. Both 
killed and live poliovirus vaccines were tried experimentally in monkeys as 
early as 1910.1% However, results were meager and it soon became apparent 
that the task was not simple. Not the least of the difficulties at that time was 
a lack of appreciation that the poliovirus family was composed of three immu- 
nologically separate types. There was also a failure to recognize the extremely 
widespread extent of human infection with polioviruses of which paralytic cases 
represent only a tiny fraction. Experimental attempts to develop an antipolio- 
myelitis vaccine were carried on spasmodically during the period 1910-1980, 
although it was not until the mid-1930’s that efforts to immunize man were 
made in the United States. These early bold trials were unsuccessful. The 
“vaccines” at that time were composed of ricinoleated or formalinized antigens, 
derived from virus-infected spinal cords of monkeys and they embodied certain 
features which today would be regarded as highly undesirable. 


INACTIVATED (SALK-TYPE) POLIOVIRUS VACCINE 


After the unsuccessful ventures just related, there was a lag period of more 
than a decade before the quest for a vaccine was again renewed. By that time— 
it was after World War II—when Salk began his work under the auspices of 
the National Foundation for Infantile Paralysis on a formalinized poliovirus 
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Table 1. Incidence of Paralytic Poliomyelitis in the U.S.A. 
(1951—1962 incl.)* 
oe eS eee 


YEAR NO. PARALYTIC CASES YEAR NO. PARALYTIC CASES 
1951 10,037 1957 2,499 

1952 21,269 1958 3,697 

1953 15,648 1959 6,289 

1954 18,308 1960 2,525 

1955 13,850 1961 988 

1956 ou 1962 (893) 


ban ee  ———————eE—————————ee 
* Sources: Surveillance of Poliomyelitis in the United States. Public Health 

Reports,*? also Morbidity and Mortality Weekly Report, Vol. 10, No. 53, Oct., 1962. 
+ Tentative figure for 1962 from Report No. 276, March 29, 1963. 


vaccine of tissue culture origin, the outlook for success was far more promising. 
One feature particularly in his favor was that he had had recent and extensive 
experience in testing formalinized influenza vaccine in field trials. By 1954 the 
Salk-type poliovirus vaccine was ready for its large-scale trial, known as the 
“Francis Field Trial’’!’—perhaps the severest test of efficacy in the field that a 
vaccine has ever been given. The trial was a success, and the control of polio- 
myelitis began to take shape. A number of features had contributed to this real 
advance. First and foremost was the key discovery by Enders, Weller and 
Robbins that poliovirus could be successfully grown in tissue culture,® that its 
presence could be readily recognized histologically, and that this media could 
furnish virus in adequate titer to be a source of vaccine production. Next came 
definite confirmation that there actually were three serotypes of poliovirus, 
each with immunologic specificity, indicating of course that any vaccine should 
contain a strain of each type if it was to protect against the disease. Thirdly, 
an extensive experience with formalinized influenza virus vaccine, gained largely 
during World War II and in the immediate post-war years, had paved the way 
for the use of inactivated poliovirus vaccine prepared and tested in a somewhat 
similar manner.*! 


In the years immediately subsequent to 1955, the use of Salk-type 
vaccine had an impressive impact on the incidence of paralytic polio- 
myelitis in the United States of America?* and in other countries.? 
Particularly was this incidence reduced in areas where vaccine of ade- 
quate potency had been properly and widely enough used. The decline 
in the United States (see Table 1) has exceeded 90 per cent. 

The current (1962) schedule of doses for the administration of the 


inactivated (Salk-type) vaccine, recommended by the Public Health 
Service® is as follows: 


Immunization should be initiated in infants between 6 weeks and 3 months of age 
according to the following schedules: 


NO. OF DOSES INTERVALS FROM PREVIOUS DOSE 
Ist — 
2nd 6 weeks 
3rd 6 weeks 


4th 6 months or longer 
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_The same schedule may be used for other age groups in the interest of achieving 
higher levels of immunity before the 1962 poliomyelitis season. 
After the recommended 4 doses have been administered, additional doses (boosters) 
are specifically indicated for special reasons, such as the threat of an epidemic or 
travel to a hyperendemic area. 


A few slight alternatives are listed in the 1960 and 1961 recommenda- 
tions of the American Public Health Association! and of the American 
Academy of Pediatrics?’ respectively. 

In view of the impressive reduction in the cases of paralytic polio- 
myelitis in the United States and elsewhere, brought about by the 
Salk-type vaccine, one can well ask why there should be a question of a 
substitution unless indeed the inactivated vaccine is to be replaced by 
a vastly better immunizing agent. 


Among reasons why paralytic poliomyelitis did not show a greater reduction 
in the United States during the period 1956-59 was probably the use of relatively 
low potency vaccines during that period; but also it was due to a failure during 
that period and later, on the part of many people, to take advantage of the 
inactivated virus vaccine for themselves and for their children, particularly 
children of pre-school age. In 1962 in the United States over 65 per cent of 
pre-school children and about 70 per cent of young adults, particularly males, 
had not received the recommended series of four injections. Especially among 
the lower socio-economic population groups, vaccination programs have lagged. 
A general lack of interest on the part of some people, which is almost inevitable, 
may have been responsible, or an unwillingness to submit to a series of 4 inocu- 
lations, spread over a year or more. It is still important to determine which has 
been the most potent reason. However, there are other reasons why the control 
of this disease through the use of inactivated vaccine still leaves something to 
be desired. In the United States a few troublesome epidemics have continued 
to crop up each year during the period 1959-1962, often in well vaccinated 
populations. In 1962, Australia also experienced a sharp outbreak in an area 
where inactivated vaccine had been used extensively. While most of the para- 
lytic cases have occurred in unvaccinated or incompletely vaccinated persons, 
20 per cent or more have been in individuals with a history of three or more 


doses of vaccine. 


Several factors have been of importance in influencing the current 
shift toward use of live attenuated poliovirus vaccine in place of the 
killed vaccine. These include the greater cost of the latter to the indi- 
vidual and to Departments of Health; the innate preference for medica- 
tion by mouth instead of injection; and the long course of injections 
which are necessary to build up antibody to satisfactory levels with 
Salk-type vaccine in susceptible persons, particularly young children. 

It is not surprising that changes in prophylactic measures should 
occur for, as with most therapeutic programs as well as programs of 
control, techniques are liable to constant modification. The poliomyelitis 
field is no exception, and not only such changes may concern ways of 
manufacturing, purifying and administering the inactivated vaccine but 
they have been concerned with introducing an entirely new kind of 
vaccine, a live attenuated poliovirus vaccine (Sabin) which has the 
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advantage of being administered by mouth. It may be that we will see 
both vaccines in use in this country for the next few years. This does 
not have to be regarded in the light of a rivalry—the aim of course 1s 
to reduce paralytic poliomyelitis to the lowest minimum by the most 
practical method or methods possible. 


THE LIVE, ATTENUATED POLIOVIRUS VACCINE 


So much has been written in the last few years in the nature of re- 
views! 19 30 and technical papers about this new method of immunizing 
man against paralytic poliomyelitis that it is unnecessary and certainly 
impractical to review in detail here the story of its development and the 
many field trials it has had, together with its widespread use in the 
Soviet Union and satellite countries, also in Japan, South Africa, England, 
the United States and elsewhere. A number of these reports have been 
assembled in the proceedings of various international conferences*: ° and 
by the World Health Organization.” 

The principle on which the attenuated poliovirus vaccines is based is 
similar to that of vaccination against smallpox—namely, that by induc- 
ing an actual though harmless infection with a live, avirulent virus, 
related to that which causes a serious disease, immunity to the serious 
disease is also induced. The Salk-type vaccine, consisting as it does of 
an inactivated virus antigen, acts by stimulating certain immune mecha- 
nisms including specific antibody formation. One aspect of the efficacy 
of the Salk-type vaccine is that its immunogenic response limits the 
chance of spread of polioviruses within the body and particularly 
within the central nervous system. However, there is little evidence 
that the antibody levels usually induced by a primary dose of inactivated 
vaccine alone prevent implantation or multiplication of poliovirus in 
the alimentary tract. This differs from the situation and from the high 
and promptly induced levels of antibody following primary vaccination 
with attenuated poliovirus vaccine. Furthermore, with the live polio- 
virus vaccine, not only are there postvaccinal circulating antibodies 
produced, but in addition there develops a kind of local ‘‘resistance’’ 
presumably resulting from the actual multiplication of poliovirus in 
association with lymphoid tissue in the alimentary tract. Conceivably 
this resistance may therefore be ‘“‘cellular,” or it may represent locally 
concentrated humoral antibody. In any event, it forms a barrier against 
reinfection and, when such reinfection does occur, it is limited in extent 
and of short duration.!7: #4 


The history of live poliovirus vaccines goes back more than a decade when 
Dr. Hilary Koprowski, at that time an associate of the Lederle Laboratories, 
began his pioneer work on attenuated strains of type II virus.2° This work was 
subsequently pursued at the Lederle Laboratories by Dr. Herald Cox. Since 1951, 
a number of candidate strains representing the three types of polioviruses have 
been proposed and subjected to trial by different groups of investigators. A 
major proponent in these developments besides Dr. Koprowski!® and Dr. Cox 
has been Dr. Albert B. Sabin2*: 3° of the Children’s Hospital Research Founda- 
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tion, University of Cincinnati Medical School. To date the attenuated strains 
that he has developed and tested have been the ones used most extensively 
throughout the world, and are now licensed in the United States.®5 


CRITERIA OF ACCEPTABILITY OF ATTENUATED Poxrovirus VACCINE 
Strains. Criteria on which certain attenuated poliovirus strains have 
been selected for use in a vaccine have been based primarily on their 
lack of, or greatly diminished, neurovirulence when injected intracere- 
brally, intraspinally or intramuscularly into monkeys. It is thus assumed 
on fairly good grounds that neurovirulence for monkeys can serve as a 
measure of pathogenicity in man. None of the attenuated poliovirus 
strains is completely lacking in neurovirulence for the monkey; and in 
this connection it should be pointed out that if a poliovirus strain has 
been so altered or so attenuated that it has lost its capacity to infect 
man, it would be useless as an immunizing agent. Several attenuated 
poliovirus strains modified in vitro by adaptation to special environ- 
mental conditions have proved to be almost completely noninfective for 
man and as such have been eliminated as candidates for a vaccine. 

Acceptability of a given strain to be incorporated into a vaccine has 
been related to several factors: (a) ability to meet certain criteria of 
minimum neurovirulence in the monkey; (b) capacity of the strain to 
achieve a high level (90 per cent or better) of infection and antibody 
conversion in man, and (c) ability of the manufacturer of the vaccine 
to meet certain standards of purity, including that of freedom of the 
product from extraneous agents, such as the simian virus (SV 40).8 The 
Division of Biologics Standards of the National Institutes of Health 
have accepted the Sabin strains as suitable for use in the United States 
on the basis of meeting these requirements. Types I and II were licensed 
for use in the United States in August and October 1961 respectively 
and type III in March, 1962.* 

As to the stability of attenuation, or lack of capacity of the strains 
to revert in the vaccine or his contacts, all of the candidate poliovirus 
strains that have been studied with care tend irregularly and on occasion 
to show some degree of reversion on passage through the human intes- 
tinal tract. To date, however, a degree of progressive reversion to full 
virulence and a capacity to produce cases of the paralytic disease in man 
comparable to that displayed by some wild poliovirus strains is almost 
nonexistent, and field experience, which by now is very extensive, 
suggests that, if this has happened, it has been exceedingly rare. 

In vitro methods of assaying virulence in attenuated strains are still 
under study. None seems to be completely reliable at present. There 
are a number of strain characters (so-called genetic markers), however, 
which seem to be associated with avirulence, such as: (a) inability to 
grow at 40° C; (b) delayed appearance of plaques in agar overlay cultures 
containing low bicarbonate concentrations; (c) reduced growth in a 
special so-called (MS) cell line as compared to titers in primary monkey 
kidney cells; etc. However, because there is a lack of complete correla- 
tion, biological assay of minimal neurovirulence in the monkey remains 


1224 JOHN R. Pau 


the one property of attenuated polioviruses regarded as the most 
decisive. 

Fretp Opservations. From the large number of field trials con- 
ducted in 1959-1961, and the rather extensive nationwide use in 1962 
of oral poliovirus vaccines, notably in England, Canada and the United 
States, a wealth of experience has been gained. This experience covers 
the use of oral vaccines within whole countries, in small and large urban 
and village communities, both in well and poorly sanitated areas; and 
within tropical and temperate climates. Several reports have also de- 
scribed the effectiveness of oral vaccine in controlling epidemics of 
paralytic poliomyelitis. Studies have also dealt with more specific prob- 
lems: with the spread of attenuated polioviruses in the family" and in 
the community; 18 the duration of virus excretion in susceptible and 
resistant vaccinees;4 the degree, speed and levels with which post- 
vaccinal antibody develops in infancy, childhood and adult life; rates 
at which viremia develops with certain strains of attenuated polioviruses, 
and the phenomenon of interference induced by polioviruses and non- 
polio enteroviruses, ete. 

SPREAD oF Virus TO NONVACCINATED PERsons. From the earliest 
days of use of the oral vaccine, questions were raised about its effect 
upon the immediate associates of the vaccinees and upon the community. 
Actually, in terms of the sequence of events, the duration of viral excre- 
tion, and the capacity to infect familial contacts, the pattern resembles 
that which follows natural infection, although attenuated strains have 
less spreading potential than do wild strains. Among family units there 
are many variables which influence spread; these include the virus strain, 
socio-economic factors in the family, age of vaccines, number of sus- 
ceptible siblings, and the presence or absence of concurrent infections 
with other enteroviruses. All these may influence the likelihood of trans- 
fer of attenuated polioviruses. It may suffice to say that in some trials 
no virus spread at all was noted from the vaccinees to their household 
associates; in others, the intrafamilial or intra-institutional rate of 
spread has been low, ranging from 3 to 10 per cent, and in still others 
to as high as from 30 to 90 per cent. An important observation in this 
respect was that of Gard et al.!* who found rates of spread much higher 
in familial contacts of children whose age was less than two years than 
in children above that age. Thus it is in the “diaper age” that spread 
of the virus is most prominent—an important epidemiological feature. 
Among features that remain to be determined is the role of dosage in 
contact spread. 

Closely related to this spread of oral vaccine is the question as to 
how long attenuated polioviruses persist in communities where mass 
administration has been carried out. Special efforts were made to inves- 
tigate this point in an urban survey which was carried on in 1961-1962, 
subsequent to a mass vaccination program in Middletown, Connecticut.2% 
Here postvaccinally for more than a year, a sample of about 30 infants 
has been tested at bimonthly intervals; also the urban sewage has been 
tested weekly. The postvaccinal survey of infants showed that polio- 
viruses persisted in several vaccinated and some unvaccinated children 
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for about two months. The sewage survey indicated that after the 
administration of type I vaccine in January, this agent flooded the 
sewage and was recovered from all specimens tested for a period of six 
weeks. Similarly, after types II and III, given as a bivalent vaccine in 
March, these were the predominant enteroviral agents isolated during 
the subsequent three to four months, with an occasional type I being 
found during the latter part of this period. After this time, enteroviruses 
other than polioviruses predominated in the sewage for the succeeding 
three to four months and polioviruses were encountered only occasionally. 

VirEMIA. The question as to whether attenuated polioviruses invade 
the blood stream was an important consideration in the early days of 
the accumulation of knowledge with regard to the oral poliovirus vac- 
cines, although it is less so now. Actually viremia has been demon- 
strated as an accompaniment of infection with some attenuated polio- 
virus strains, notably with Sabin type II, but not with others including 
his types I and III.'* *% The occurrence of postvaccinal viremia does 
not appear to be of great clinical significance in spite of the usual corre- 
lation of blood stream invasion and virulence. 

GENERAL CONSIDERATION OF Sarety. From the very beginning of 
the use of the oral poliovirus vaccines there has been a justifiable fear 
that attenuated strains may regain their capacity to invade the nervous 
system of the vaccinee or his contacts. This amounted to more than 
a suspicion in 1962, for subsequent to the rather widespread use of 
trivalent attenuated poliovirus vaccines in Canada, there was a small 
number of suspect cases thought to have been induced by the vaccine. 
Consequently, in November, 1962, the Canadian Dominion Council of 
Health recommended that Sabin trivalent oral |vaccine not be used 
alone but should be preceded by an initial course of Salk vaccine.’ In 
the United States also, a number of suspect cases of polio-like illness 
were reported to have been associated in time with the administration 
of oral poliovirus vaccine during the summer of 1962. These were care- 
fully reviewed by the Surgeon General of the Public Health Service; 
his report, issued in December, 1962, designated the numbers of sus- 
pected cases which were considered to be compatible with vaccine 
association, as 11 following type III (of which eight were over 30 years 
of age); seven following type I (four were over age 30); and none follow- 
ing type II. These suspect cases had arisen after approximately 31,000,000 
doses of type I oral vaccine, 19,000,000 type II and 15,000,000 type III 
doses had been given in nonepidemic areas during 1962. Hence the 
potential risk was calculated for types I and III to be of the order of 
1 per 1,000,000 or less overall, but higher for those over 30 years of age, 
whereas for type II there was no indication of risk. 

As for cases occurring in unvaccinated household contacts, these were 
practically nonexistent, only two or three being recognized as suspicious 
cases in the entire country. Considering the large amount of vaccine admin- 
istered and the expected frequency of spread of the vaccine virus from 
vaccinated to unvaccinated persons, particularly within homes, it is 
concluded that the threat of contact spread has so far posed no signifi- 
cant hazard. Taken all in all, therefore, on the basis of the above record 
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the vaccine was exonerated by the Surgeon General and considered 
satisfactory for use in the United States.™ 

ADVANTAGES OF THE ORAL VACCINE. Over and above the evaluation 
of safety problems of the vaccine by the U.S. Public Health Service in 
1962, the attenuated poliovirus vaccine offers a number of advantages. 
The ease with which it is given, for example a few drops on a lump of 
sugar or in a teaspoonful of syrup, simplifies individual or mass admin- 
istration. The relatively short dosage schedule (from four to eight weeks) 
is convenient and also amenable to incorporation into routine pediatric 
immunization practice. Thus a single dose of a monovalent vaccine 
induces a prompt antibody response to the specific type administered in 
a previously unimmunized person, although a sequence of two or three 
doses at four to six week intervals is needed for the full course to produce 
effective immunity against all three types of poliovirus. As already 
mentioned, a special property of oral poliovirus vaccines is that, besides 
stimulating antibodies, the vaccinal infection produces a substantial 
degree of resistance to reinfection in the alimentary tract. Thus the 
attenuated vaccine offers a tool for rendering children within a commu- 
nity not only individually immune to clinical poliomyelitis, but, if 80 
per cent of the children of the most susceptible age have been vaccinated 
within a given community, a situation is created under which wild 
poliovirus is largely incapable of spreading. As a result the community 
as well as the individual has been protected. Furthermore, the oral 
vaccine is of special use as an anti-epidemic measure if administered 
early in an outbreak. 

One possible difficulty with the oral poliovirus vaccine is the current 
problem of preservation of the commercial product. At the present time 
oral poliovirus vaccines most be stored in the frozen state. After thawing, 
the recommended shelf life is only one week. This disadvantage is slight 
in community-wide programs, but may be more significant for general 
office practice. Also, there is a drawback in the possible seasonable 
variation in its effectiveness, in that nonpolio-enteroviruses may inter- 
fere with a ‘“‘take.’’ Since these enteroviruses are apt to be more prevalent 
in the summer months, oral vaccines are best administered during the 
late fall, winter and early spring, except in the face of a threatened 
epidemic. ; 

Age Liuirations. The oral poliovirus vaccine should not be given 
to very young infants, i.e., from birth to six weeks of age, the reason 
being that a varying proportion of such infants are refractory to infection 
by attenuated polioviruses, a condition which usually wears off at six 
weeks of age.?: 2 

A question as yet unresolved is whether it is wise to administer the 
vaccine to adults over 30 years of age since this is the age group in 
which the few possible vaccine-associated cases have occurred. Actually, 
the natural immunity rate is extremely high in adults, and if the child 
population is well vaccinated there would seem to be little opportunity 
for exposure of the rare susceptible adult. An exception would be parents 
of young children and those traveling to and within hyperendemic areas. 

REACTIONS AND CONTRAINDICATIONS. Reactions are extremely few 
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and far between, nor are there contraindications other than obvious 
acute illness. Penicillin sensitivity, recent tonsillectomy or tooth extrac- 
tion, therapy with steroids, agammaglobulinemia, DPT inoculation and 
smallpox vaccination are not considered to be contraindications. 

The oral vaccine has been given without untoward incidents to 
premature and newborn babies and the phenomenon of immune toler- 
ance has not been observed.® It has also been given under close obser- 
vation to several hundred pregnant women and thousands of others 
have been exposed to vaccinated children. No evidence of ill effects in 
the mothers, or harmful effects on the fetus have been reported. 2 

In cases of obvious acute illness, however, it is believed that vaccina- 
tion should be delayed except for those with minor respiratory infections. 
The purpose of this is to minimize the possibility of erroneously attrib- 
uting naturally occurring poliomyelitis to oral vaccine. 


CurRENT Dosace ScuEepuLes. These are subject to change. Since type I 
cases of paralytic poliomyelitis are usually by far the most common, in some 
years amounting to 80 per cent of all clinical cases in the United States, it 
is important, if monovalent vaccines are used, to insure that type I immunity is 
established first. A current recommendation for use of oral poliovirus vaccine is 
that it be administered in monovalent form in 3 sequential doses, given 4 to 6 
weeks apart. Another alternate schedule which has been used in some states, is 
that of giving only two doses, namely monovalent type I, followed by a bivalent 
vaccine, consisting of a combination of types II and III.* The question as to 
whether a ‘‘clean-up” dose of trivalent vaccine, to follow after 6 months or a 
year, has been seriously considered. A third schedule, which has hardly been 
used at all in the United States, is to recommend for the initial doses, 2 doses, 
each of trivalent vaccine 6 weeks apart. This might be followed a year later by 
a third dose of trivalent. 

To recapitulate, a schedule recommended by the Surgeon General of the 
Public Health Service in March, 1962, listed the following: 


Oral Vaccine (Monovalent) 


(a) Infants: Immunization should be initiated between 6 weeks and 3 months of 
age and subsequent doses given according to the following schedule: 


NUMBER OF DOSES TYPE INTERVALS FROM PREVIOUS DOSE 
First iL — 
Second III 6 weeks 
Third II 6 weeks 
Fourth I, II, and III 6 months or longer 


(b) All Others (including community use) 


NUMBER OF DOSES TYPE INTERVALS FROM PREVIOUS DOSE 
First I = 
Second 1OUL 6 weeks 
Third II 6 weeks 


The interval may be as short as 4 weeks if vaccination is begun in the spring, 
or longer than 6 weeks if circumstances require. 


There have been certain local modifications of these recommendations. In 
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some areas the practice has been to combine the second and third dose in a 
bivalent vaccine. Experience in the duration of immunity produced by this 
oral vaccine alone is at present limited to 4 years, although with other at- 
tenuated strains antibodies have been observed to persist for at least 7 to 


10 years. 

Daaeiie serum antibody surveys on randomly selected juvenile population 
groups should provide information on patterns of immunity within the com- 
munity. On this basis, as well as on the basis of continued surveillance of polio- 
myelitis, subsequent needs, if any, for so-called “clean-up” doses can be de- 
termined. 


THE ORGANIZATION OF CoMMUNITY-WIDE VACCINATION PROGRAMS 
Reasons why mass vaccination is important are inherent with its capacity 
to break the chain of virus dissemination. There are various descriptions 
as to programs of this kind carried out in the United States. The objec- 
tive of any such programs has generally been to vaccinate a maximum 
nunober and not less than 80 per cent of the pre-school population in all 
socio-economic groups. 

Optimally, mass immunization campaigns with oral poliovirus vac- 
cines should be conducted during the winter and spring months. The 
summer months are less advantageous because (1) the higher incidence 
of other enteric viruses may reduce the effectiveness of the oral vaccines, 
(2) schools are closed and many people are on vacation, and (3) sporadic 
cases of poliomyelitis or polio-like diseases may occur coincidentally 
during the period of vaccination and arouse public concern. 

When and if a community-wide program is contemplated, local health 
departments, working in conjunction with practitioners of medicine, 
should assume major responsibility in regard to the planning and execu- 
tion of the program. There should be complete understanding with local 
health authorities at the start as to the geographic area to be involved 
in each community-wide program, and as accurate an estimate as 
possible of the size of the Juvenile population, particularly the pre- 
school age group. Joint planning with all appropriate groups is essential 
and should include, besides health authorities, appropriate lay groups 
through which one may reach parents of pre-school as well as school 
children. 

The following points are essential in the development of the com- 
munity program: 


1. The selection of age groups to be vaccinated; 

2. Choice of techniques and arrangements for giving the vaccine; 

3. The maintenance of records to be available both to the local health depart- 
ment and to private physicians alike; 

4. The development of a plan for the maintenance program. 


ON-GoInc IMMUNIZATION OR MAINTENANCE ProGram. This is of 
the utmost importance and should inevitably follow any community- 
wide program. It calls for immunization of all infants during the first 
year of life, those who have escaped previous vaccination, and new- 
comers entering the community. 
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Such a program should be conducted in the offices of private practi- 
tioners of medicine, by health departments in well-baby clinics, and 
other community health facilities. It should be carried on throughout 
the year regardless of season. 


21. 
22. 
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WHILE antimicrobial agents have greatly reduced the morbidity and 
mortality from most acute bacterial infections, serious staphylococcal 
disease has continued to pose a difficult therapeutic problem. This 
problem appears to have emerged in part because of the kind of indi- 
viduals who acquire staphylococcal infections, and in part because of 
certain biologic and ecologic factors which set staphylococci apart from 
other micro-organisms causing acute bacterial disease. These features of 
staphylococci and the infections they produce must be kept in view 
when considering general and specific aspects of therapy. 

Potentially pathogenic staphylococci are ubiquitous micro-organisms 
found in normal human beings. They are extremely hardy, and have 
demonstrated a capacity to acquire resistance to antimicrobial agents.“ 
While nuisance infections caused by staphylococci are common in 
healthy people, the majority of life-threatening staphylococcal infections 
occur in individuals with altered host resistance. The very young and 
the very old, and patients with viral influenza, exfoliative skin diseases, 
burns, neoplasms, diabetes, hepatic disease, renal failure and those 
receiving broad-spectrum antimicrobials and/or corticosteroids appear 
particularly susceptible." 7! #8 47,48 In many instances, the basic host 
disease is an important determinant of the outcome of staphylococcal 
infection. 

The nature of the staphylococcal lesion per se adds to the therapeutic 
problem. Staphylococci produce rapid necrosis of tissue with focal 
abscess formation. While antimicrobials appear to penetrate into 
abscess cavities,” the large populations of bacteria residing in such 
closed spaces are often not killed by antibiotics regardless of their in 
vitro sensitivity.*! #2: 5° The inability of antimicrobials to eliminate the 
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enormous populations of micro-organisms present in such collections of 
pus is a frequent cause of therapeutic failure. : 

Staphylococci tend to persist within human and animal tissues for 
prolonged periods of time.*® Indeed, in some ways, staphylococcal 
infections more closely resemble infections produced by tubercle bacilli 
than infections produced by other gram-positive cocci. Relapse of 
staphylococcal disease in patients apparently “cured” of their infection is 
common. 

The role of humoral immunity in resistance to or recovery from 
staphylococcal infections is uncertain. Overt, progressive staphylococcal 
infection apparently can develop despite the presence of humoral anti- 
bodies.®° =! Protective immunity does not appear to follow staphylococcal 
disease as it does, for example, Group A streptococcal infection. 


BIOLOGIC CHARACTERISTICS OF STAPHYLOCOCCI 


Although the biologic characteristics of staphylococci of prime importance in 
determining virulence or the nature of staphylococcal disease have not been 
clearly defined, certain bear mention as playing a possible role. 

Recent observations have suggested that certain strains of staphylococci are 
relatively resistant to phagocytosis both in the animal body and in vitro.?® 27) 2 
This property apparently resides in surface or capsular antigens, similar to those 
possessed by virulent pneumococci and streptococci, which retard phagocytosis 
and account for the animal virulence of these strains.?® 27 3% ® While most 
staphylococci associated with human infections do not appear to possess these 
phagocytosis-resisting antigens when grown in vitro, tentative evidence suggests 
the possibility that other staphylococci may acquire them during growth in 
tissues.2” © 
-~Coagulase-positive staphylococci have been shown to survive within human 
and animal phagocytes.’ 4* © Such intraleukocytic residence may help spread 
staphylococci to distant foci within the body, and may protect these micro- 
organisms from antimicrobial drugs and other antibacterial substances in the 
surrounding tissues and serum.*? & 

Pathogenic staphylococci elaborate a variety of extracellular products. Of 
these, coagulase and alpha hemolysin have received most attention. Coagulase 
production appears to be an almost universal characteristic of staphylococcal 
strains isolated from instances of primary staphylococcal disease. Under certain 
experimental circumstances, coagulase may protect staphylococci from phago- 
cytosis or from inhibitory serum factors." 18 However, pathogenic staphylo- 
cocci are phagocytosed in in vitro systems containing coagulable plasma,‘* and 
coagulase-negative mutants of coagulase-positive strains can produce disease 
indistinguishable from that induced by the parent strain.2° 3 Thus its role in 
the pathogenesis of staphylococcal disease remains obscure. 

Alpha hemolysin, a rabbit red cell lysin, is elaborated by most strains of 
staphylococci isolated from human sources.” Current evidence suggests that 
this hemolysin is identical with the extracellular toxin causing skin necrosis and 
death in experimental animals.*!: *. 86 Whether alpha hemolysin plays a role in 
the pathogenesis of human staphylococcal infection is a debatable question.” 
In certain patients with fulminant staphylococcal disease the clinical picture 
closely resembles that observed in animals injected with staphylococcal alpha 
hemolysin. Though it is unlikely that alpha hemolysin plays a part in the 
initiation of progressive staphylococcal infection,?® it may be an important 
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determinant of “toxicity” in certain instances of established staphylococcal 
disease. 

Many staphylococcal strains produce the enzyme penicillinase which destroys 
the antibacterial activity of penicillin G and accounts for the penicillin resistance 
of these micro-organisms. Other extracellular products elaborated by coagulase- 
positive staphylococci include a nonhemolytic leukocidin, an enzyme which 
kills or damages human leukocytes,!* hyaluronidase, fibrinolysin, lipase, gela- 
tinase, desoxyribonuclease and a human red cell lysin termed delta hemolysin.2: #° 
The role of these materials in the initiation or maintenance of human staphy- 
lococeal disease has not been defined. 


GENERAL PRINCIPLES OF TREATMENT 


With these considerations in mind, a set of general therapeutic 
principles for the treatment of serious staphylococcal infections can be 
proposed. 

1. Antimicrobial therapy should be initiated promptly because 
staphylococci produce rapid necrosis of tissue and quickly grow to high 
concentrations in abscesses. Early initiation of treatment, while tissue 
titers of staphylococci are low, may result in eradication of the micro- 
organisms. However, if treatment is delayed until the number of staphy- 
lococci has approached that observed in abscess cavities, little microbial 
killing occurs and chronic infection can become established.**: 4!: 4? Thus 
a delay of 24 hours in recognizing a staphylococcal pneumonia or bac- 
teremia may make the difference between complete recovery or extensive 
tissue damage and/or death. When serious staphylococcal disease is 
suspected, cultures should be obtained and appropriate antimicrobial 
therapy immediately instituted. 

2. Surgical drainage should be carried out whenever feasible because 
of the inability of antimicrobials to kill staphylococci residing within 
abscess or empyema cavities. Such drainage, in many instances, may be 
the most important therapeutic measure instituted. 

3. Initial therapy should include antimicrobials effective against both 
penicillin G-sensitive and penicillin G-resistant strains until the result 
of in vitro sensitivity tests are known. Until recently it was observed 
that staphylococci isolated outside the hospital setting were often sensi- 
tive to penicillin G, while those isolated within hospitals were almost 
universally resistant to this drug. As more strains of staphylococci 
isolated from the community at large are becoming resistant to penicillin 
G, this distinction no longer serves as a useful guide in choosing anti- 
microbials with which to initiate treatment. 

Sensitivity to penicillin G should be determined in every instance of 
staphylococcal infection. Strains having minimal inhibiting sensitivities 
of more than 0.39 meg./ml. by the tube dilution method, or showing no 
significant zone of inhibition with a 2 microgram penicillin G disc, 
should be considered to be penicillinase producers. 

The bactericidal antibiotics such as penicillin G, methicillin, oxacillin 
and vancomycin, appear to be superior to the bacteriostatic drugs such 
as erythromycin, chloramphenicol, novobiocin and the tetracyclines, in 
treating deep-seated staphylococcal infections. 
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4. The slow response of deep-seated staphylococcal infections, even 
to the most effective antimicrobial program, should be borne in mind 
when evaluating therapy. Often 48 to 72 hours pass before fever shows a 
downward trend, and ten days to three weeks may elapse before tem- 
perature returns to normal (see Fig. 3). A rapid downhill course over 
the first 48 hours of treatment, or no change in the fever curve for four 
days or more calls for a re-evaluation of therapy. The adequacy of 
antimicrobial treatment may be roughly checked by determining the 
serum bacteriostatic or bactericidal activity. The patient’s serum should 
inhibit the growth of the offending staphylococcus at a 1:4 dilution, and 
when dealing with endocarditis should kill at this dilution. Failure to do 
so requires an increase in the dose of the drug employed, or a change to 
another bactericidal antimicrobial effective in vitro against the infecting 
staphylococcus. Persistent fever and leukocytosis in the face of adequate 
serum antimicrobial activity suggests the presence of an undrained, 
pus-filled lesion (empyema, splenic abscess, myocardial abscess, lung 
abscess, etc.), or superinfection. 

5. Therapy of serious staphylococcal disease must be prolonged. 
Staphylococcal pneumonia or bacteremia should be treated for a mini- 
mum of four to six weeks. If endocarditis is suspected a minimum of 
six to eight weeks of treatment is advisable. Evidence of persistent 
infection should prolong treatment several weeks or occasionally two to 
three months. 


THERAPEUTIC AGENTS USED IN TREATMENT OF 
STAPHYLOCOCCAL INFECTIONS 


The Penicillins 


The penicillins are the agents of choice for treating staphylococcal 
infections. Penicillin G is the most potent antistaphylococcal drug avail- 
able and should always be employed to treat infections produced by 
sensitive strains. However, the ability of many staphylococci to produce 
the enzyme penicillinase has greatly diminished its clinical value. The 
synthesis of 6-aminopenicillanic acid reported in 1959? was soon followed 
by the development of several penicillinase-resistant penicillin homo- 
logues which retain their antistaphylococcal activity in the presence of 
penicillinase.”. **. °7 These agents are definitely the present drugs of 
choice for infections caused by penicillin G-resistant staphylococci. Two 
such preparations currently available in this country are methicillin and 
oxacillin. 

The penicillins are bactericidal, well tolerated, nontoxic drugs. As 
noted in Figure 1, penicillin G is considerably more active against 
coagulase-positive strains of staphylococci which do not produce peni- 
cillinase than either oxacillin or methicillin. However, as seen in Figure 2, 
oxacillin and methicillin are considerably more active than penicillin G 
against strains of staphylococci that produce penicillinase. On a weight 
basis, oxacillin is several times more active than methicillin against 
coagulase-positive staphylococci but this penicillin is significantly bound 
to serum protein while methicillin is not. In the presence of 50 per cent 
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Fig. 1. Minimal inhibitory antibiotic sensitivities of 25 consecutive penicillin G- 
sensitive staphylococcal strains recently isolated at Vanderbilt University Hospital. 


pooled human serum, a two- to eight-fold increase in oxacillin is needed 
to achieve minimal inhibitory endpoints.** ®7 Methicillin is not similarly 
affected by the presence of serum. The significance of the in vitro serum 
binding of oxacillin is not clear, but despite this apparent drawback good 
therapeutic results have been achieved with this drug.’ 3° 5%, 58 


UntowarpD Reactions. The manifestation of allergic hypersensitivity con- 
stitutes the most serious untoward reaction to the penicillins. Some patients 
with histories suggestive of allergy to penicillin G have taken methicillin and 
oxacillin without difficulty. Because the allergenic properties of the penicillins 
seem to reside in a portion of the basic 6-amino-penicillanic acid molecule,** it 
is likely that allergic cross-sensitivity exists between all the penicillins and 
neither methicillin nor oxacillin should be administered to patients with histories 
of allergy to penicillin G without extreme caution. 

Several other untoward reactions have been noted to occur during methicillin 
or oxacillin therapy which have not been observed with penicillin G. These have 
included possible instances of nephrotoxicity,!® and granulocytopenia*: *§ ob- 
served during methicillin therapy; and transient elevations of the serum glutamic 
oxaloacetic transaminase (SGOT) which have occurred during treatment with 
oxacillin.6* We have observed a reversible peripheral eosinophilia as a frequent 
finding during treatment with both drugs. It is possible that other toxic reactions 
to these newer penicillin homologues will be observed after they have been used 
more widely. 

Whether or not staphylococci will develop resistance to these drugs is a 
question that only the passage of time can settle. Coagulase-negative staphylo- 
cocci develop resistance to methicillin in vitro and in vivo,** but to date the vast 
majority of coagulase-positive strains have retained their sensitivity to this 
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Fig. 2. Minimal inhibitory antibiotic sensitivities of 25 consecutive penicillin: G- 
resistant staphylococcal strains recently isolated at Vanderbilt University Hospital. 


drug. Very few resistant strains have been isolated from patients, and these 
have apparently not been instances of progressive infection.? While methicillin- 
resistant coagulase-positive staphylococci have been developed in vitro, these 
micro-organisms may be reduced in virulence.*® 


Because of the possible induction of resistant strains, the penicillinase- 
resistant penicillins should be used only in the treatment of infections from 
which penicillin G-resistant staphylococci have been isolated. There are no 
other situations in which their use can be justified at this time. 

DosaGE AND ADMINISTRATION OF THE PENICILLINS IN SERIOUS 
SrapHyLococcaL Disease. On the basis of our experience and that of 
others,14: 14-58, 4,57, 58 the following recommendations can be made for the 
use of the penicillins in treating serious staphylococcal disease. These 
are summarized in Table 1. : 

1. Initiation of Therapy. Before the 2n vitro sensitivity of the infecting 
staphylococcus is known, treatment should include large doses of aqueous 
penicillin G plus methicillin. This combination of drugs is not antag- 
onistic, and affords optimal treatment for both penicillin G-sensitive 
and resistant strains. Aqueous penicillin is most conveniently adminis- 
tered by continuous intravenous drip delivered through a 21 gauge, 
thin-walled scalp vein needle, in doses of at least 20 million units per 24 
hours for adults, and 3 to 10 million units for infants and children. 

Methicillin must be given parenterally at four hours intervals. The 
intramuscular route is usually employed. Initial doses of 2 grams every 
four hours for adults and 100 mg. per kg. of body weight in divided doses 
every four hours for children are recommended. If the existence of 
bacteremia or endocarditis is ruled out, the dose can be cut in half. If 
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Table 1. The Use of the Penicillins in Staphylococcal Disease 
== a EE Ee eee 


Initiation of Therapy (Before Results of Sensitivity Tests are Known) 


Penicillin G 20,000,000 units per day by continuous intravenous drip (3 to 10 million 
units for infants and children) 


ike plus 
Methicillin 2 gm. every 4 hours intramuscularly or intravenously (100 mg. per kg. 
daily in divided doses for children) 
Continuation of Therapy 


A. Penicillin G-sensitive staphylococci 
Penicillin G alone 
B. Penicillin G-resistant staphylococci 
(1) If bacteremia proved: 
Continue initial dose of methicillin alone for 10 to 14 days, then reduce 
dose to 1 gm. every 4 hours (50 mg. per kg. of body weight in divided 
doses for children) 
or 
Switch to oral oxacillin 
(2) If bacteremia not proved: 
Methicillin alone, 1 gm. every 4 hours (50 mg. per kg. daily in divided 
doses for children) 
or 
Switch to oral oxacillin 


Use of Oral Oxacillin 


A. After successful initial therapy with methicillin— 

B. For initial treatment of wound infections, skin infections, ete.— 
Oxacillin 1 gm. every 4 hours p.o. (100 mg. per kg. daily in divided doses 
for children) 


methicillin cannot be administered intramuscularly (e.g., the patient is 
in shock, or a bleeding disorder precludes the use of the intramuscular 
route), it can be administered intravenously. The preferable method of 
intravenous administration is to dissolve the drug in 50 to 100 ce. of 5 
per cent dextrose in water and administer it via syringe over a five to 
ten minute period directly into a vein or into the tubing of a continuous 
intravenous infusion set. As methicillin is quite unstable at acid pH and 
normal saline and 5 per cent dextrose in water are acid solutions, 
methicillin should never be administered by continuous intravenous drip 
unless the infusion fluids are buffered. Eighteen to 25 mKq. of sterile 
sodium bicarbonate solution usually are sufficient to adjust the pH of 
1000 cc. of 5 per cent dextrose in water to 7.2 to 7.4.5° §7 Even if such 
precautions are taken, the infusion should be changed every eight hours. 

If in vitro sensitivity tests prove the infecting staphylococcus to be 
sensitive to penicillin G, the methicillin should be discontinued and 
penicillin G alone utilized throughout the therapeutic course. If the 
responsible staphylococcus is resistant to penicillin G, methicillin (or 
oxacillin) alone should be continued. If patients with bacteremia or 
endocarditis fail to respond to initial therapy, the methicillin dose should 
be progressively increased until 20 to 30 grams a day are administered 
intravenously. If initial response is good, the dose can be reduced to 
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Fig. 3. The course of a patient with a staphylococcal breast abscess, septicemia and 
metastatic pneumonia treated initially with intramuscular methicillin and then oral 
oxacillin. Note the slow return of temperature to normal. 


1 gram every four hours or the patient switched to oral oxacillin after 
10 to 14 days.* 

2. Oral Oxacillin Therapy. Oxacillin can be administered orally. 
Some individuals do not absorb this drug well and for best results it must 
be taken on an empty stomach. Oxacillin is indicated in the treatment of 
penicillin G-resistant staphylococcal infections under the following 
circumstances: 

(a) Patients with serious staphylococcal disease who have responded 
well to initial therapy with parenteral methicillin may receive further 
treatment with oral oxacillin. Such a situation is illustrated in Figure 3. 

(b) Patients with less severe staphylococcal disease such as wound 
infections, cellulitis, pyoderma and other skin infections requiring drug 
therapy may be treated with oxacillin. 

Oral oxacillin should be administered on an empty stomach preferably 
one to two hours before meals, in doses of 1 gram every four hours. The 
recommended dose for infants and children is 100 mg./kg./day in four 
to six divided doses. For children weighing over 40 kg., adult doses should 
be utilized. Determinations of serum levels or serum activities may be 
required to assure that adequate absorption is taking place. 

Nausea and diarrhea are occasional side effects of oral oxacillin treat- 
ment and may be particularly troublesome in children, but in our ex- 
perience they have not necessitated cessation of therapy in adults. 


* It is likely that a parenteral preparation of oxacillin will be available by the time 
this paper appears. Our preliminary results with this agent indicate it to be as effective 
as methicillin. Intramuscular doses of 500 mg. every 4 hours have resulted in good 
serum activities, though for patients with bacteremia or endocarditis 1 gm. every 
4 hours should probably be the initial dose. 
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3. Administration of Probenecid. The tubular blocking agent probene- 
cid will successfully increase the levels of penicillin G, methicillin and 
oxacillin.**: °7 Because this drug causes a significant number of allergic 
reactions it should not be used routinely. In instances of staphylococcal 
endocarditis in which high antimicrobial serum levels are a necessity, 
probenecid may be useful in raising methicillin or oxacillin levels, espe- 
cially where expense or difficulty in administration prevents an increase 
in the dose of these agents. 


Vancomycin 


Vancomycin is the drug of choice in treating patients with serious 
staphylococcal infections who are allergic to penicillin. This is a bac- 
tericidal agent that is almost universally active against coagulase-positive 
staphylococci regardless of their sensitivity to penicillin G. Its clinical 
efficacy has been well documented.®: 2: 35. & 

Vancomycin must be administered intravenously. The usual daily 
dose is 2 to 3 grams for adults or 10 mg. per kg. of body weight for infants 
and children. The appropriate dose is dissolved in 200 ml. of isotonic 
sodium chloride solution or 5 per cent dextrose in water and is given 
through a thin-walled, 21 gauge, scalp vein needle over a 30 to 40 
minute period at intervals of six to 12 hours. In infants and young chil- 
dren it may be convenient to add the drug to the daily fluid allotment 
and administer it by continuous intravenous infusion over a 24 hour 
period. 


Side effects produced by vancomycin include fever, phlebitis and eighth nerve 
damage, especially in those patients with impaired renal function. Febrile reac- 
tions may often be reduced by the administration of an antihistamine drug and 
by decreasing the rate of infusion. Phlebitis can be minimized by employing a 
scalp vein needle and alternating the site of infusion. The drug should be used 
with caution in patients with renal disease and azotemia. Full therapeutic doses 
should not be given under these circumstances, and the adequacy of dosage 
should be periodically checked by determination of serum levels or serum 


activities. 


Other Antimicrobials 


The development of the penicillinase-resistant penicillins and vancomycin has 
relegated several antimicrobial agents formerly employed in treating staphylo- 
coccal infections to a minor or secondary role. 

Bacitracin and kanamycin are two bactericidal antibiotics with good anti- 
staphylococcal activity. However, the severe nephrotoxicity of bacitracin and 
the renal and eighth nerve toxicity and tendency of staphylococci to become 
resistant to kanamycin have markedly limited their usefulness in staphylococcal 
infections. 

In most communities the majority of staphylococcal isolates are sensitive to 
the bacteriostatic drugs erythromycin, chloramphenicol and novobiocin. However, 
it is the writer’s opinion that these agents should not be employed in the primary 
therapy of severe staphylococcal infections. Their use would appear justified 


only under the following circumstances: ' . 
(a) For prolonged follow-up treatment of patients with serious staphylococcal 
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disease, whose infections have been controlled with one of the penicillins or 
vancomycin. 

(b) For treatment of relatively minor superficial staphylococcal infections in 
ambulatory patients who are allergic to penicillin. 

In choosing one of the above agents, the following facts should be considered: 

1. Fatal aplastic anemia and agranulocytosis have occurred after the use of 
chloramphenicol and this drug should not be used when sensitivity tests indicate 
a safer agent can be employed. 

2. Novobiocin produces fever and morbilliform rash in up to 10 per cent of 
patients receiving this drug. A yellow tint to the skin and sclera has also been 
observed in patients taking novobiocin. While this is usually produced by a 
metabolite of the drug, a defect in the conjugation of bilirubin has been impli- 
cated in some cases. 

3. Erythromycin produces few side effects except for minor gastrointestinal 
upsets. However, approximately 40 per cent of staphylococci resistant to 
penicillin G are also resistant to erythromycin. 


Antisera, Toxoids and Vaccines 


Staphylococcal antisera, toxoids and vaccines enjoyed considerable popularity 
prior to the antimicrobial era but the biologic basis for their use rests on shaky 
foundations. Evidence for their efficacy has not been convincing, and has often 
been derived from uncontrolled clinical impressions.” Most adults possess a 
variety of antibodies to staphylococcal exotoxins and cellular antigens, but the 
role of these antigens in the pathogenesis of, or the humoral antibodies in 
resistance to human staphylococcal infections is uncertain. 

Prior to the introduction of antimicrobial drugs, limited therapeutic success 
was claimed for staphylococcal antitoxic serum in the treatment of acute sys- 
temic staphylococcal infections.® 44 With the advent of antibiotics, such 
therapy was discontinued by most physicians. Until a carefully designed, well 
controlled study indicates that superior therapeutic results may be achieved 
by combined antiserum-antimicrobial treatment, the use of antiserum cannot 
be recommended. 

Staphylococcal alpha toxoids have also been used extensively in the treatment 
of chronic or recurrent skin infections despite the absence of differences in the 
anti-alpha toxin titers of the general population and patients with staphylococcal 
skin lesions.** The results of such therapy have been recently reviewed.!2 Obser- 
vations are uncontrolled and the numbers of therapeutic failures are impressive. 
While toxoid treatment still has many advocates, favorable reports must be 
viewed in the light of spontaneous long-term remissions which are known to 
occur during the course of cutaneous staphylococcal infections. 

The use of various somatic antigens of staphylococci, including autogenous 
whole cell vaccines, in the prevention and treatment of chronic staphylococcal 
infections has been generally unsuccessful. Studies reporting favorable results 
have been uncritical. A recent report on the efficacy of a polyvalent staphylococcal 
vaccine which also contained bacteriophage revealed it no more effective in 
reducing the incidence of recurrent furunculosis than a placebo.® 

Recent work suggesting that antibodies to staphylococcal leukocidin may be 
of importance in protection from staphylococcal disease,!* 4° and a demonstration 
of antibacterial immunity in an experimental mouse infection?*-8 has kept alive 
the hope that an effective staphylococcal vaccine can be developed. On the basis 
of present evidence, however, no antiserum, toxoid or vaccine preparation can 
be recommended for the treatment or prevention of staphylococcal disease. It 
remains possible that new knowledge of the immunobiology of staphylococci 
may lead to the successful development of such a product. 
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SPECIAL THERAPEUTIC SITUATIONS 


Acute Staphylococcal Osteomyelitis 


Treatment of acute staphylococcal osteomyelitis has certain special 
problems.*® Therapy should be initiated with large doses of aqueous 
penicillin G and methicillin. If the infecting staphylococcus is sensitive 
to penicillin G, methicillin can be discontinued. If the responsible strain 
is resistant to penicillin G, treatment with methicillin or oxacillin alone 
should be continued. Vancomycin is the drug of choice in individuals 
allergic to penicillin. 

The affected part should be promptly immobilized in such a manner 
that repeated examinations and re-evaluation of the progress of the 
disease can be performed. Obvious collections of pus in soft tissues and 
subperiosteal abscesses should be drained as soon as the patient’s clinical 
condition permits. Extreme local bone tenderness suggests the presence 
of intramedullary pus under pressure which may compromise blood 
supply and produce more devitalized bone. In patients showing persistent 
or increasing local bone tenderness despite adequate antimicrobial 
therapy and immobilization, decompression of the marrow cavity is 
advisable. Wide incision or resection of involved bone is not indicated. 

Antimicrobial treatment must be continued for a minimum of three 
to four weeks, even in patients showing steady improvement. Disap- 
pearance of fever and pain, return of appetite, weight gain, remission of 
leukocytosis and fall in sedimentation rate are generally indications of 
improvement. Any doubt about the adequacy of response calls for a 
prolongation of treatment by several weeks. 


Superficial Infections 


In most instances, superficial infections do not require antibiotics. 
If staphylococcal cellulitis or lymphadenitis is present, antimicrobial 
therapy is indicated and should be continued for 14 days. Surgical 
drainage is indicated whenever a fluctuant lesion is approachable. 

Currently there is no thoroughly satisfactory therapy for staphylococcal 
furunculosis.2 Systemic antimicrobial therapy for furunculosis is not 
recommended except in the presence of rapidly spreading lesions, or 
where fever or other constitutional reactions are in evidence. Once the 
local skin abscess has become established, antibiotics are not likely to be 
effective. 

Adequate drainage of the local skin abscess is an immediate objective 
of therapy. This can be facilitated by the application of hot, moist com- 
presses and surgical drainage when the lesion is fluctuant. An attempt to 
lessen heavy skin contamination should be made by cleaning the skin 
around the abscess with a germicidal agent such as Phisohex or 70 per 
cent alcohol after each application of compresses. The use of zinc oxide 
ointment or one containing neomycin or bacitracin around the local 
abscess may prevent skin maceration and the development of satellite 
lesions. Spread of staphylococci to other areas of skin may be reduced by 
an absorbent gauze dressing affixed by cellophane tape. Showers with 
germicidal soaps should be taken three or four times daily to keep skin 
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staphylococcal counts low, and clothing should be changed after each 
bath. Bedclothes, including pajamas, must be changed daily and pillows 
and mattresses should be covered with plastic materials and cleansed 
daily. All clothing that cannot be washed should be dry-cleaned or 
exposed to the sun for several hours. Cultures of the patient’s naso- 
pharynx and perineum should be obtained when he is first seen and if they 
reveal coagulase-positive staphylococci, an attempt to interrupt the 
carrier state may be made by the frequent application (four to five 
times a day) of topical antibiotic ointments containing neomycin or 
bacitracin. Because family infection is common in households harboring a 
patient with active furunculosis, cultures of the skin, nasopharynx and 
perineum should be obtained on all household members and, if positive, 
these individuals should also take frequent baths with germicidal soaps 
and apply topical antimicrobials to carrier sites. Such a program must 
continue for several weeks after the last overt lesion has cleared, and 
patients should probably continue to use a germicidal soap indefinitely. 

Recurrent furunculosis is an extremely frustrating disease for both 
patient and physician. Adherence to a regimen as outlined above, liberal 
doses of reassurance and support, plus passage of time, are the best 
therapeutic measures we can apply at this time to the treatment of this 
unpleasant disorder. 


Treatment of Asymptomatic Nasal Carriers 


The role of the asymptomatic nasal carrier of coagulase-positive 
staphylococci in the epidemiology of hospital-acquired staphylococcal 
infections is a subject of debate. At present it would appear advisable to 
remove hospital personnel who are carriers from critical areas such as 
operating rooms, delivery rooms, nurseries and surgical floors. In some 
individuals, temporary removal from the hospital environment will 
eliminate the carrier state. Unfortunately, other methods of treatment 
have not proved completely satisfactory. 

It has been shown that systemic antibiotics only suppress staphylococci 
within the noses of adults,* and the expense and possible toxic and 
sensitizing effects of the drugs employed make such treatment impracti- 
cal. Limited success has been achieved in treating carriers with intranasal 
ointments containing neomycin, bacitracin or a combination of drugs.1’ 
However, the effect is often suppressive and may last only for a few days. 
Recently, intranasal methicillin was shown to permanently eliminate 
coagulase-positive staphylococci from one-third of a group of nasal 
carriers." However, because of the possibility of increasing the number 
of resistant strains, it would not appear wise to use methicillin for such 
therapy. 

At present the most reasonable approach to the treatment of persis- 
tent, asymptomatic nasal carriers includes removal from the hospital 
environment, taking of frequent baths with germicidal soaps, and the 
use of antibiotic ointments containing bacitracin or neomycin intra- 
nasally four to five times daily for two weeks. If the carrier state returns 
within several weeks, a second course of treatment is indicated. 
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SUMMARY 


Serious staphylococcal disease continues to pose difficult therapeutic 
problems. Successful management depends on early institution of appro- 
priate antimicrobial therapy; surgical drainage of pus-filled lesions when 
they are accessible; and prolonged antibiotic treatment with appro- 
priate bactericidal agents. 

Presently available antisera, toxoids and vaccines cannot be relied 
upon for the treatment or prevention of staphylococcal infections. 

There is no satisfactory treatment for recurrent staphylococcal furun- 
culosis. The use of germicidal soaps and topical antibiotics to reduce 
staphylococcal counts on the skin and carrier sites may be helpful. 
Other staphylococcal carriers who may serve as a source of exogenous 
reinfection should be treated in the same way. 
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HOsPITAL-ACQUIRED staphylococcal disease continues as an_ ever- 
present threat to patients whose problems require inpatient care. The 
tragic case report which follows is typical of the too frequent disasters 
which occur as untoward complications of hospitalization. 


Case Report. During a routine physical examination this 6 year old boy 
was found to have absent femoral pulses and blood pressures of 150/80 in the 
arms and 90/80 in the legs. He was scheduled for surgery, but postponement 
for 3 weeks was necessary because of a respiratory infection for which he was 
given penicillin. Subsequently, surgical excision of the coarctation and primary 
anastomosis of the aorta was easily achieved, and he was discharged on the 
tenth postoperative day. Two days later he returned, acutely ill with a tempera- 
ture of 40° C. His leukocyte count was 23,000 with 85 per cent neutrophils. 
Eight consecutive blood cultures yielded a hemolytic Staphylococcus aureus, 
coagulase positive, and resistant to most antibiotics. Fluoroscopic and x-ray 
studies demonstrated a mass in the superior mediastinum pushing the esophagus 
to the right, and an aortogram a few days later showed that the mass was an 
aneurysm at the anastomotic site. He was treated intensively with methicillin, 
chloramphenicol and erythromycin. Although his fever slowly decreased, the 
aneurysm ruptured 18 days after readmission (4 weeks postoperatively) and he 
died. 


Examples of such tragedies as this can be found in almost any hospital 
record room. Fortunately, most hospital-acquired staphylococcal infec- 
tions are not so disastrous in outcome as in this case; nonetheless the 
more frequent minor infections are also important because of the incon- 
venience, discomfort and expense which result. 


These studies were conducted under the sponsorship of the Commission on Strep- 
tococcal and Staphylococcal Diseases, Armed Forces Epidemiological Board, and 
supported by the Office of the Surgeon General, Department of the Army, Washington, 
D.C., and aided by a training grant (2-180) from the National Institute of Allergy 
and Infectious Diseases, Public Health Service. 
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In the following discussion, the term “staphylococcus” refers to 
Staphylococcus aureus, coagulase positive. 


THE PATIENT POPULATIONS AFFECTED 


Three groups of patients appear to account for most of the staphylococ- 
cal disease acquired in hospitals. The first of these comprises newborn 
infants. The occurrence of epidemics of illness both within the nursery 
and in infants and their families subsequent to discharge is well docu- 
mented; it is not known whether nursery-derived staphylococcal dis- 
ease has become more frequent in recent years or whether the combina- 
tion of increased awareness on the part of the physician plus a decrease 
in other scourges of early life (such as epidemic diarrhea of the newborn) 
has made staphylococcal disease more obvious. 

Surgical patients comprise the second group of patients endangered 
by staphylococcal disease. Numerous outbreaks of postoperative infec- 
tions have been recorded. However, life-endangering disease does not 
appear to have actually increased in patients undergoing surgical pro- 
cedures which by present-day standards might be considered relatively 
minor. Thus, Barnes et al.? showed that the incidence of postoperative 
wound infections in patients undergoing herniorrhaphies or hysterecto- 
mies at the Massachusetts General Hospital did not change between 
1937 and 1957. Other data, however, suggest that changes in the types 
of patients submitted to surgery, the development of radical surgery, 
and certain aspects of therapy have provided a postoperative population 
which does exhibit a high risk of sepsis.! The willingness of the surgeon 
to operate upon patients who in the past would have been considered too 
old or too debilitated may well have increased the rate of severe post- 
operative infection. In addition, the ability to attack surgically lesions 
formerly considered inaccessible or inoperable also appears to have 
resulted in more severe infections, if for no other reason than that a 
staphylococcal infection in the mediastinum following cardiac surgery 
is because of its location far more serious than an infection in a hernior- 
rhaphy wound. In addition, modern adjuncts to surgical care such as 
intravenous needles or cannulae used for protracted periods, catheters, 
tracheotomy tubes and the like provide ready avenues of entry for 
organisms. 

Finally, some groups of medical patients appear to display increased 
susceptibility to staphylococcal disease acquired during hospitalization. 
Certain underlying illnesses, including viral respiratory diseases such as 
influenza, diabetes, hepatic disease, neoplasms, renal failure and skin 
disorders,* appear to endanger the patient. In addition, as with surgical 
patients the medical patient who enjoys the benefits of modern thera- 
peutic achievements also experiences an attendant risk of infection due 
to compromising of his defenses by these same achievements. Thus, such 
devices as catheters and cannulae may provide avenues of entry, radia- 
tion, antimitotic drugs and steroids may interfere with his protective 
mechanisms,’ and antibiotics, while preserving him from the pneumococ- 
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cus or other organisms more devastating in years past, may predispose 
him to acquiring a hospital-derived staphylococcus.4 


POSSIBLE MEANS OF PROTECTING PATIENTS 


Clinically significant immunity to staphylococcal infection has not 
been demonstrated. Though the appearance of antibodies against some 
antigens elaborated by the organism has been documented,’ there is no 
evidence that these antibodies play any role in protection against 
staphylococcal disease. In addition, it is not known exactly why patients 
seriously or chronically ill with other illnesses appear to exhibit increased 
susceptibility to staphylococcal infection. 

Rogers and Louria* have characterized the present status of the 
antibiotic treatment of hospital-acquired staphylococcal disease as being 
unsatisfactory, and have attributed this in part to some of the features 
of infection with this organism: the rapid development of tissue necrosis 
and the failure of antibiotics to affect sluggishly metabolizing staphylo- 
cocci residing in pus, to say nothing of the resistance of hospital staphylo- 
cocci to most antibiotics. The appearance of a drug (methicillin) to 
which staphylococci are unlikely to become resistant may well improve 
somewhat the results of antibiotic therapy of these infections. 

Because of the lack of protective host immunity and the difficulties 
in achieving satisfactory results with treatment of hospital-acquired 
staphylococcal disease, it is logical to consider the possibility that such 
infections might be kept to a minimum by preventing the transmission 
of hospital organisms to patients. However, the physician is handicapped 
by lack of knowledge regarding the routes by which the organisms are 
spread; such knowledge is essential to rational control. 


STAPHYLOCOCCAL EPIDEMIOLOGY IN HOSPITALS 


Most studies of the spread of staphylococcal transmission among 
adult patients have been conducted in surgical units. Here the critical 
reader is faced with a mass of conflicting, confusing data from which 
it is difficult to draw reasonable conclusions concerning either routes 
of spread or means of effective interruption of such spread. I’or example, 
it is not clear whether surgical infections more often arise in the operating 
suite or on the ward. How often one patient transmits his organism to 
another is unknown, though it is known that a patient who is a nasal 
carrier of staphylococci on admission exhibits an increased risk of post- 
operative wound infection, and that this increased risk is accounted for 
by infection by his own organism.’® It is clear that surgical personnel 
who are nasal carriers of staphylococci, especially those in the operating 
room, are frequently responsible for wound infections.®: ” %. 27 Whether 
their organisms are transmitted via the air, by intimate contact or by 
some other route is unclear. 

Most confusing is the role of organisms in the environment. It is well 
established that the air, floor, fomites and other inanimate objects in 
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proximity to a patient with staphylococcal disease are frequently con- 
taminated with that patient’s organism; however, the recovery of an 
offending strain from a given site does not necessarily mean that that 
site is a way-station in transmission. Certainly it has been shown that 
environmental group A streptococci, though viable on culture, are 
inconsequential in terms of infectiveness.?? Comparable studies of the 
infectivity of environmental staphylococci are not available. Unfortu- 
nately, all too often the mere presence of a given staphylococcus at various 
loci in the environment has been equated with infectiousness, and upon 
this interpretation are based many present practices directed at control- 
ling hospital infections. 

Investigations of routes of transmission of staphylococci in hospitals 
are seriously handicapped by several factors. First is the ubiquity of the 
organism, both in terms of numbers of people (personnel, patients and 
visitors) who are carriers and in terms of the variety of sites in the 
environment where the organisms may be found. Secondly, the activities 
and mobility of adult patients in a hospital make it nearly impossible 
for the investigator to have any confidence in conclusions based on 
exposure of the patient to other people and sites. Therefore bacteriological 
surveys of patients, personnel and environment on such hospital divi- 
sions present a mass of data which permit a wide variety of conflicting 
interpretations. 

Studies conducted at this institution have been designed in an effort 
to minimize these two difficulties. Newborn infants constitute a non- 
mobile patient population, segregated from the rest of the hospital, cared 
for by limited personnel and without visitors. Furthermore, it has been 
possible rather simply to modify the environment of newborn infants to 
provide means by which various sources and routes of spread of staphylo- 
cocci were limited to those being investigated. It was anticipated in 
designing these studies that the results might reflect staphylococcal 
epidemiology among adults as well as infants in hospitals. 

In considering the epidemiology of the staphylococcus, it is important 
first to establish a working classification of the possible routes of spread 
that exist. Table 1 is a modification of the classical grouping of the 
epidemiology of respiratory disease. In this classification, indirect trans- 
mission includes three possible sources of organisms: the air, fomites 
and the hands of personnel. It is well established that staphylococci are 
widely dispersed in the air as airborne droplet nuclei containing a single 
or very few organisms; these droplet nuclei gravitate slowly and may be 
widely disseminated by air currents. Staphylococci, once settled on the 
floor or other surfaces, may persist in a viable state for long periods of 
time in dust. In addition, fomites and other inanimate objects in the 
environment of patients with staphylococcal disease have been shown 
to be contaminated by the offending organisms. Furthermore, it is 
possible that indirect transmission might occur via the hands of per- 
sonnel in two ways: either a nasal carrier might transmit his organism 
to patients via his own contaminated fingers (primary physical transfer), 
or personnel who are not carriers of organisms in the usual sense might 
transfer organisms between patients via inadequately cleansed hands 
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Table 1. Possible Routes of Spread of Staphylococci Among Newborn Infants 
a ee ea ee ee ee 
Indirect Transmission 
Airborne organisms 
Droplet nuclei 
Dust 
Contaminated fomites 
Physical transfer of organisms 
Primary (hands of nasal carrier) 
Secondary (from baby to baby via hands of personnel) 


Direct Transmission 
Intimate contact 
Direct contact 


(secondary physical transfer). Direct transmission denotes two routes of 
spread: heavy drops expelled from the respiratory tract containing 
thousands or millions of organisms and which settle rapidly within 
6 to 8 feet, and direct contact with an open, infected lesion (such as 
might happen when a physician with a draining paronychia handles an 
infant). 


Nursery Studies 


The studies which have been conducted at this hospital and directed 
at determining the relative importance of these routes of spread have 
been of two basic designs. In one, the habitat of the newborn infant has 
been modified in such a fashion that organisms might be transmitted to 
him from only one or two sources and in only one or two ways; because 
of the many possible sources and routes of spread normally present in a 
nursery, valid interpretations might be impossible without such a 
modified environment. The other type of study has consisted of altering 
the standard nursery procedure in a manner intended to interrupt or 
block one route of spread for some infants, retaining others as controls. 
By comparing the two groups it has been possible in some instances to 
make reasonable interpretations concerning the importance of the 
“blocked”’ route of spread. 

Throughout these studies, bacteriophage typing techniques in com- 
bination with antibiotic sensitivity patterns have been employed for 
tracing organisms. Transmission has been considered to have occurred 
only if an infant became truly parasitized by the organism in question, 
and not if a few colonies were recovered transiently during or after 
exposure. 


AIRBORNE ORGANISMS. Several of these studies have attempted to define the 
relative importance of airborne droplet nuclei and dust in the transmission of 
staphylococci. In the first study®® an attempt was made to compare the relative 
importance of intimate contact versus airborne organisms. Infants were exposed 
to a known carrier-infant by being placed in bassinets set at fixed distances 
from the carrier, or index, baby. Transmission could have occurred only via the 
air because different personnel cared for the index and study babies. Surprisingly, 
a very low rate of spread was observed. 
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Of 91 infants so exposed, only one baby definitely acquired the index baby’s 
strain; seven other infants were parasitized by organisms which possibly were 
the same as that of the index baby. Thirty of the 91 study babies were sufficiently 
distant from the index baby that spread could not have been by intimate con- 
tact; two possible acquisitions occurred in this group. 

Two subsequent studies have indicated that airborne spread of staphylococci 
between babies does occur, but at a rate too low to account for more than a 
small fraction of the transmission of staphylococci in a nursery. One of these 
studies indicated that physical transfer of organisms between babies by the 
hands of personnel was more important than airborne organisms and intimate 
contact combined. The other study2? likewise demonstrated a very low rate of 
airborne transmission which resulted in parasitism, even though it was shown 
that viable organisms were freely transported through the air to the exposed 
infants. 

ORGANISMS ON Fomites. Studies of fomites in contact with infants have 
indicated that such objects in the environment of carrier-infants are readily 
contaminated with staphylococci.!* Indeed, personnel-carriers who handle blan- 
kets, linen, etc. often deposit viable samples of their staphylococci on these 
surfaces. However, transmission via such fomites appears to be inconsequential, 
presumably because the number of contaminating organisms is insufficient to 
infect. 

PuysicaL TRANSFER OF ORGANISMS. This mechanism seems to be the major 
means by which newborn infants acquire hospital staphylococci. Personnel- 
carriers appear to transmit their organisms to infants primarily by physical 
contact.?° In addition, it has clearly been demonstrated under circumstances 
which permitted transmission by no other route that the hands of such carriers 
can be infectious.*° 

Subsequent studies" have shown that the hands of personnel readily transfer 
organisms from infant to infant, and that the usual handwashing procedures are 
inadequate to prevent an infant from becoming a carrier of another infant’s 
organism by this route. Indeed, the hands of personnel appear to be far and 
away the most important means by which staphylococci spread in newborn 
nurseries. 

Direct TRANSMISSION. These studies have failed to define the importance 
of intimate contact or direct contact with an open lesion in the transmission of 
staphylococci to newborn infants. Certainly there can be little doubt that 
thoughtlessly permitting an open, purulent infection to come in physical contact 
with an infant or other patient might result in transmission. Whether staphylo- 
cocci are effectively transmitted from the respiratory tract of carriers is open to 
serious question. Hare and Thomas" have shown that nasal carriers of staphy- 
lococci expel very few or no organisms by breathing, talking, coughing and 
sneezing. Indeed, significant numbers of organisms were released only by 
“snorting’”’—a maneuver which is the approximate equivalent of blowing one’s 
nose without a handkerchief. 

Circumstantial evidence, however, suggests that organisms in the air are of 
minor importance epidemiologically compared to physical transfer, at least 
insofar as newborn infants are concerned. It is well established that staphylococci 
acquired by newborn infants usually are recovered from the umbilical stump 
and skin surfaces prior to their appearance in the upper respiratory tract;!% 2! 
it seems likely that organisms transmitted via the air would appear in the nose 
first. In addition, it has been shown that protection of the skin surfaces and/or 


umbilical stump against such organisms effectively interferes with coloniza- 
tion.12 19 
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Studies similar to those conducted in the newborn nurseries at this 
hospital would be difficult, if not impossible, to accomplish on adult 
patient-care units. Indeed, the most informative data concerning routes 
of spread of staphylococci to adult patients have been derived fo the 
results of attempts to block such spread. Interpretation of these data in 
relation to the nursery studies suggests that these latter observations 
may apply as well to adults, particularly those undergoing surgery. 

It appears logical to assume that most surgical ound infections are 
acquired in the operating room. This would be particularly true in the 
case of deep infections; certainly it is difficult to imagine that the child 
whose unfortunate case history is reported herein became infected else- 
where (unless he received contaminated intravenous fluids, an unlikely 
event). Circumstantial evidence derived from outbreaks of surgical 
infections which could be traced to a single personnel-carrier has pro- 
vided additional support to the concept that such infections usually 
originate in the operating room.®: ”: >. 27 In addition, the instillation of 
antibiotics into wounds at operation appears to prevent at least some 
infections.1° However, it also seems logical that open incisions, burns and 
other wounds might be contaminated on the ward during changes of 
dressings or other manipulations. 

Perhaps the most important question to answer in regard to wound 
infections in surgical patients, whether they arise in the operating suite 
or on the ward, is whether the organisms that infect the patient are 
transported to him via the inanimate environment (air, dust, fomites, 
etc.) or by the hands of personnel (primary or secondary physical trans- 
fer). The available circumstantial evidence suggests that the latter route 
is of greater importance, as has been concluded from the nursery studies. 
Perhaps the strongest bit of this evidence is the number of organisms 
required to infect. It appears that infection in man results only when 
staphylococci numbering hundreds or thousands are incorporated into a 
wound;? it is not likely that fallout of organisms, even from heavily 
contaminated air, would achieve this concentration in a localized area 
of a wound. Secondly, a variety of studies has been performed in which 
the environment has been decontaminated; at best these studies have 
yielded debatable or conflicting results. For example, Shooter et al.” 
altered the ventilation in an operating suite and believed that reduction 
in wound infection rates was a direct consequence. In contrast, Kin- 
month et al.!8 and Gillespie and colleagues" instituted similar measures 
and noted no difference in rates of infection, even though numbers of 
organisms in the air were diminished. 

In other studies blankets have been oiled or sterilized on surgical 

wards. Clarke et al.’ oiled blankets, screening and floors; a reduction in 
air-counts of staphylococci but not in nasal cross-infection or wound 
sepsis was observed. Likewise, sterilization of bedding did not affect 
infections" or nasal colonization.2° In contrast, Blowers, Potter and 
Wallace® sterilized blankets on a ward devoted to the care of burned 
patients, and observed a decrease in cross infection. However, because 
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other preventive measures were also introduced, the investigators were 
unable to draw any definite conclusions. 

Clearly the environment of patients with open staphylococcal disease 
is heavily contaminated with organisms,“ but the few observations 
reported herein would suggest that air, dust and fomites are not of great 
consequence epidemiologically. Thus, it is possible to deduce that the 
routes of spread of staphylococci to surgical patients are very similar to 
the routes of spread to newborn infants, as determined in more direct 
studies. The most important route may well be the hands of personnel, 
either self-contaminated or contaminated with organisms of infected 
patients. Surgical gloves do not appear to offer adequate protection 
against transmission, because a large percentage can be shown to be 
pervious to organisms.’ 

It is difficult to draw conclusions concerning the modes of transmission 
of staphylococci to nonsurgical hospitalized patients. Undoubtedly such 
patients acquire staphylococci by routes other than physical transfer; 
it is well known that hospitalized medical patients frequently become 
carriers of staphylococci acquired during their stay.* It is logical to 
assume that pneumonia due to a hospital strain of staphylococci in such 
patients occurs in someone who first becomes a nasal carrier of that 
organism. Exactly how such a patient becomes a nasal carrier is unclear; 
whether this represents airborne spread, intimate contact or some other 
route is unknown. 

Certainly medical patients with tracheotomies, catheters, intravenous 
cannulae and other devices are similar to surgical patients in that these 
disruptions of anatomic defenses constitute avenues of access to organ- 
isms of all types. It is likely that infection through such orifices often 
occurs, as with any surgical wound. It is not unreasonable to conclude 
that the major source of organisms that infect via these devices is the 
hands of personnel, as with newborn infants. 


PREVENTION OF TRANSMISSION OF HOSPITAL 
STAPHYLOCOCCI TO PATIENTS 


In the light of the foregoing data and hypotheses it is possible to make 
reasonable recommendations concerning the prevention of hospital- 
acquired staphylococcal disease in medical and surgical patients. 

1. First, it would appear quite clear that the handling of any open 
lesion or orifice that is ordinarily sterile, whether it be in the operating 
room or on the ward, and whether it be the making of a surgical incision, 
dressing a wound, insertion of a catheter, cannulating a vein or replacing 
a tracheotomy tube, should be carried out under sufficiently sterile 
precautions to ensure insofar as possible that contamination will not 
occur. Physicians and nurses who minister to patients must constantly 
bear in mind that their hands may serve as a means of mass transporta- 
tion of organisms to patients—either from other patients or from them- 
selves if they are carriers. 

2. Patients and personnel with open staphylococcal disease should be 
segregated in some way so that they do not come in contact with suscep- 
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tible patients. Whether such infected hosts transmit via the air, fomites, 
hands or some other route is of little consequence; it is clear that they do 
transmit and they consequently should be regarded as individuals with 
highly contagious diseases. 

3. Since many outbreaks of infections can be shown to be due to a 
single personnel carrier, a workable system by which hospital infections 
can be recognized, the organisms characterized and possible sources 
identified should be made available to every hospital. At present the 
only practicable and reasonably satisfactory means of tracing staphy- 
lococci is bacteriophage typing. Since it appears that repeated washing 
of walls and floors, sterilization of bedclothes, meticulous cleaning of 
bedside tables and chairs, ete., may well be of no practical use, the same 
time, effort and money might well be better spent characterizing the 
organism, defining the extent of the problem, and determining who is the 
carrier responsible when an outbreak of staphylococcal disease occurs. 

4. Patients whose defenses are compromised by therapy should be 
protected as muchas possible from potential sources of hospital staphylo- 
cocci. They should not be on open wards and preferably they should not 
be attended by personnel known to be staphylococcal carriers. In 
addition, it should go without saying that a patient’s defenses should 
not be compromised needlessly; the administration of unnecessary anti- 
biotics is an example of how the likelihood of a patient’s acquiring a 
staphylococcus might be increased.* 

Future studies may clarify further the routes by which staphylococci 
spread within hospitals, and with such data more specific means to 
prevent spread may be developed. In the meantime, it is urged that 
physicians and other hospital personnel recognize that certain routes of 
spread appear to be of paramount importance. These routes seem to be 
intimate and probably physical contact between patients and personnel. 
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“Take pneumonia. It has been treated by bleeding, and got well. It has 
been treated by brandy, and got well. It has been left to itself, and got well. 
And the bleeders, the brandy givers, and the doers of nothing at all, respec- 
tively, have had a vast deal to say for themselves and against thetr rivals. 
And which of them are to be our guides and masters in the treatment of 
pneumonia? None of them for a single day, much less for always.” 


Peter Mere Latuam, quoted by Bran 


Pneumococcal pneumonia is a very common disease, particularly in 
the patient population of large metropolitan general hospitals. During 
an average winter week some ten patients are admitted to the wards of 
the Cincinnati General Hospital and another ten are seen in the emer- 
gency room, given initial treatment and subsequently treated in the 
outpatient clinics. These patients receive one of many varied treatment 
schedules, depending on the background of training and experience of 
the resident physicians on duty. The great majority of the patients are 
adequately treated, although some are not. That a large variety of 
regimens may now be successfully used in the treatment of a disease that 
only a few years ago was essentially untreatable, is one of the truly great 
advances of our age. It is our purpose to attempt to bring this historic 
progress to the attention of younger physicians and medical students, 
as well as to reminisce with others. We should then like to suggest what 
we believe at present to be a proper treatment for the patient with 
pneumococcal pneumonia. 
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THE NATURE OF PNEUMONIA: ITS PATHOLOGY AND 
PATHOLOGIC PHYSIOLOGY 


Pneumococcal pneumonia may be either lobar in extent or simply of a 
lobular or bronchial distribution. Lobular pneumonia is characterized 
by an acute intra-alveolar exudate of serum, fibrin and polymorphonu- 
clear leukocytes along with myriads of pneumococci occurring in scat- 
tered lung lobules. Occasionally the involved lobules may be confluent 
and the disease becomes almost lobar in extent. 

Typical lobar pneumonia is recognized as evolving through several 
stages. Experimental studies, such as those by Robertson” and 
Wood, 3°, 49 have led to a close understanding of the progress and 
events of the disease. 

The initial invasion of the alveoli by pneumococci results in a response 
by the host consisting of congestion of the blood vessels and a rapid 
outpouring of edema fluid. This edema fluid serves as a medium for 
growth of the bacteria and also as a means of spread of bacteria either 
via the pores of Kohn or intrabronchially.1’7 This sharply demarcated 
zone of edema fluid and bacteria advances peripherally as the initially 
infected zone provokes the body’s defense reaction which consists of 
outpouring of erythrocytes and leukocytes into the involved alveoli. 
This reaction plus the vascular engorgement forms red hepatization. 
At this stage of early consolidation, leukocytes are already actively 
phagocytizing the bacteria. As the disease progresses, the older, more 
central areas become packed with leukocytes and in this area of ad- 
vanced consolidation or gray hepatization the bacteria have been phago- 
cytized and are difficult to demonstrate. With the stage of resolution 
more macrophages are found in the alveoli, clearing the area of leu- 
kocytes. 

The immune response to pneumococcal infection consists of the pro- 
duction of antibody to the type-specific capsular polysaccharide of the 
infecting pneumococcus. The appearance of this antibody”: 2% often 
occurs at the time of onset of the lysis or the crisis. Antibody apparently 
is not really necessary for either to occur. The antibody may appear 
several days before or even sometime after the patient has improved. 

Antibody enhances phagocytosis of the pneumococcus?? by the leuko- 
cyte by an opsonic action on the capsule of the bacteria themselves.*7 
It was also shown that, in the presence of opsonin, macrophages were 
more active in phagocytizing pneumococci than were the leukocytes.?° 
Robertson?’ considered the transformation of the fixed tissue cells 
into macrophages as the second important immune mechanism. 

In studying the action of specific antiserum, Wood** postulated 
that the real action of the antibody was to produce an agglutination and 
opsonizing action on the pneumococci in the edema zone. He believed 
that there was not enough antibody present to act throughout the 
consolidated area and felt that the phagocytosis which occurred was due 
to a non-antibody mechanism. 

Study of the action of chemotherapeutic agents in experimental pneu- 
monia revealed the occurrence of a new and different mechanism. Fin- 
jand et al.* demonstrated that the bactericidal action of sulfapyridine 
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and the immune mechanism were separate but of assistance to each 
other. In patients treated with sulfapyridine the bactericidal action was 
a delayed one which required growth of the bacteria but when it oc- 
curred it was completed within three hours. The protective antibodies 
were rarely developed before the sixth day and agglutinins were rarely 
observed before the seventh day of the illness. 

Wood** was of the opinion from his studies that antimicrobial drugs 
have no effect on phagocytosis but because of their action of bacteriosta- 
sis they stop the multiplication of bacteria in the edema zone and prevent 
further spread. He noted‘? changes in the pneumococci in the edema 
zone suggesting bacteriostasis 18 hours after start of sulfa therapy. 
Forty-two hours after treatment the edema zone was gone, the pneu- 
monia no longer spreading, and non-antibody phagocytosis was occurring 
in the peripheral exudate. In four days no pneumococci could be demon- 
strated and after one week only macrophages were present in the clearing 
area of pneumonia. 


THE CLINICAL COURSE OF UNCOMPLICATED PNEUMONIA 


Typical lobar pneumococcal pneumonia may be preceded by signs and 
symptoms of an upper respiratory infection. It may present itself 
suddenly in an unsuspecting previously healthy person with an abrupt 
and unannounced teeth-rattling chill or a stabbing breath-catching chest 
pain. These initial symptoms are then closely followed by a rising fever 
to 103° to 105° F. The respiration often becomes labored, with the acces- 
sory muscles of respiration, even the alae nasae, being brought into ac- 
tion. The patient may become cyanotic. Subsequently herpes simplex 
may flourish on the face. 

Examination reveals tachypnea and tachycardia. The chest and lungs 
may show but a few fine rales at the onset. Shortly, however, there is 
dullness to percussion and increased fremitis over the involved lobe(s) 
with limitation of the thoracic excursion. Breath sounds are usually 
diminished and at least some rales are audible. These are the findings 
in the phases of congestion and early red hepatization. 

The sputum is at first often bloody or blood-streaked and then charac- 
teristically becomes rusty. 

Later, as the disease progresses, the more typical findings of con- 
solidation such as bronchial breath sounds and transmitted voice sounds 
(bronchophony and egophony) are found, along with those described 
above. 

Of interest is the clinical fact that often there is a disparity between 
the x-ray picture of the lungs and the physical findings. One may, on 
occasion, find physical signs of consolidation with little or no x-ray 
evidence, or the opposite may occur with little or no physical findings 
present or detected to substantiate the historical and x-ray evidence of 
pneumonia. 

The diagnosis is established by finding the pneumococcus in the spu- 
tum by Gram stain and/or culture. Blood culture may also confirm the 
diagnosis. 

The untreated patient will display a fever of 103 or 104° F. with a 
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Fig. 1. This temperature chart illustrates a typical rapid response of a young otherwise 
healthy patient with pneumococcal pneumonia treated with penicillin. 
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Fig. 2. This temperature chart illustrates a slow response of a patient with multilobe 
pneumococcal pneumonia. The initial high dosage and the subsequent alterations 
in the therapeutic regimen were not warranted by the slow uncomplicated response. 
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plateau-type fever curve for five to ten days. Then he may begin to 
improve either gradually with a slow decrease in fever and symptoms 
over a three or four day period (lysis) or there may be a sudden onset of 
perspiration and a rapid drop in temperature to normal or near normal 
levels within a few hours (crisis). 

Twenty-five to 40 per cent of untreated patients have died Of the 
disease in the past. 

Specific treatment with either type-specific antibody or a bacterio- 
static or bactericidal antimicrobial compound will usually alter the course 
of the disease by bringing about the onset of either lysis or crisis within a 
period of several hours of the administration of the treatment. 

It has been our experience that house officers treating patients on the 
wards are often quite apprehensive when the properly treated patient 
does not experience a prompt crisis. We therefore should like to point out 
that a very slow lysis is often the clinical picture. A delayed response is 
not in itself an indication for altering the treatment schedule. (See 
Figs. 1 and 2.) 


DIFFERENTIAL DIAGNOSIS 


Pulmonary infarction is often difficult to differentiate from pneu- 
mococcal pneumonia. The patient may have a sudden onset of chest pain, 
dyspnea, fever and cough with hemoptysis. Chilling is unusual. The 
absence of pneumococci in the sputum and the presence of a site of 
origin for an embolus such as a phlebothrombosis in the leg or pelvis, or a 
possible thrombus in the heart either secondary to a myocardial infarc- 
tion or auricular fibrillation would direct one toward a diagnosis of 
pulmonary infarct. 

Sudden or transient evidence of pulmonary hypertension on the elec- 
trocardiogram or an increase in the pulmonary closure sound is also 
evidence of possible pulmonary embolus. 

Certain findings on the chest x-ray also suggest the diagnosis of infarc- 
tion such as a left pleural effusion with an enlarged heart, triangular or 
wedge-shaped infiltrates with the base on a pleural surface and the 
typical ‘“‘Hampton’s hump” in or near the costophrenic angle." 

A major problem in differential diagnosis is that of deciding the etio- 
logic agent of the pneumonia. Probably the most difficult decision is 
whether or not a severely ill patient has Klebsiella pneumoma. If there 
are encapsulated gram-negative rods on the smear of the patient’s 
sputum, or if the severely ill patient has a chest x-ray picture with the 
typical “cannon ball’? appearance or bulging fissure sign’ so often 
associated with Klebsiella pneumonia, then a tentative diagnosis of this 
disease should be made and proper treatment instituted immediately. 
This should consist of tetracycline, 500 mg. every six hours, plus strepto- 
mycin, 1.0 gm. intramuscularly twice daily, and a sulfonamide, 4 to 
6 gm. per day.”! If sensitivity studies prove the Klebsiella to be resistant 
to tetracycline, chloramphenicol, 500 mg. every six hours, should be 
given in place of the tetracycline. 

Staphylococcal pneumonia is often seen, occurring in the public at 
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large as a sequela of influenza and occasionally arising as a complication 
of a treatment given a hospitalized patient. The diagnosis is often sug- 
eested by the x-ray appearance of the disease; for example, the pneu- 
matocele is frequently seen or there may be early abscess formation. 
The sputum smear and culture should establish the diagnosis. Treatment 
may be given with methicillin, 1 gm. every six hours intramuscularly, 
plus probenecid, 0.5 gm. every six hours by mouth. If the patient cannot 
tolerate penicillin, vancomycin, novobiocin or chloramphenicol may be 
given. Sensitivity studies are often of great help in the treatment of 
staphylococcal pneumonia, particularly in hospital infections where 
various resistance patterns may occur in the staphylococci. 

Tuberculosis, particularly the fulminating type, may be difficult to 
distinguish from lobar pneumonia by history, physical examination and 
x-ray studies of the chest. Often pneumococci are found in the sputum. 
However, the lack of clinical response and a Ziehl-Neelsen stain of the 
sputum will usually lead to the correct diagnosis. 

When the clinical diagnosis is not readily made and good sputum is 
not obtainable, bronchoscopic examination and aspiration of bronchial 
secretions for smear and culture often demonstrate the etiologic agents. 
With frank consolidation, in selected patients needle lung puncture may 
be of value to obtain material directly from the diseased area for culture. 

Any patient with pneumonia should be a tumor suspect. If the patient 
does not respond to treatment properly and if clearing of the infiltrate 
is not complete by x-ray within a period of four to six weeks, then 
evaluation for possible bronchial neoplasm or other forms of partial or 
complete obstruction should be seriously considered. 


THE TREATMENT OF PNEUMOCOCCAL PNEUMONIA 


Historical Background 


Two or 3 million years, more or less, probably passed from the time the first 
man or woman died of pneumococcal pneumonia until finally in the 1930’s the 
use of type-specific antiserum became the widely recognized specific treatment 
of this disease.® Prior to this great development, various and sundry remedies 
had been tried to no appreciable avail. Certain symptomatic and supportive 
measures were used which may have favorably influenced the death rate. Among 
these were the use of oxygen to relieve the cyanosis and improve respiration; 
intravenous and/or subcutaneous saline and glucose solutions; digitalis for the 
patients with heart failure and certain cardiac arrhythmias; codeine or morphine 
for the relief of pain and the exhausting cough. Even so, the death rate for 
pneumococcal pneumonia was often 40 per cent or higher. 

Treatment of lobar pneumonia with type-specific antipneumococcal serum in 
the latter 1930’s brought about a reduction of the mortality to about one-half 
its previous rate. Two large series of cases from the Boston City!? and Cincinnati 
General Hospitals showed the death rate to drop from about 43 per cent to 
22.6 per cent and 28.1 per cent respectively with this form of therapy. 

Type-specific antiserum therapy was widely accepted and improvements in 
the serum and the therapy methods were occurring rapidly when sulfapyridine 
was introduced in 1938 as a new treatment of pneumococcal pneumonia.!° 

Later, other more soluble compounds such as sulfathiazole and sulfadiazine 
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were administered. These chemotherapeutic agents were found to be easier to 
administer to the patient than the antisera and did not require the determination 
of the exact type of infecting pneumococcus. Treatment of lobar pheumonia 
with sulfa compounds brought about a further decrease in the death rate to 15 
to 20 per cent in Cincinnati,” 17.5 per cent in Boston” and even 7.2 per cent in 
Baltimore.” 

The sulfa drugs remained the treatment of choice for pneumococcal pneumonia 
until 1944, at which time penicillin emerged as the most efficacious treatment 
to date. 

Sir Alexander Fleming" had originally noted the antibacterial activity of the 
Penicillium mold and labeled it penicillin in 1929. In 1940 a group of British 
investigators, Chain, Florey et al.° used the substance to treat infected mice. 
They found penicillin to be nontoxic and active in vivo against at least three 
organisms, Staphylococcus aureus, Clostridium septique and streptococci. In 1941 
the same laboratory! reported use of penicillin intravenously in the treatment 
of staphylococcal and streptococcal infections. They also used penicillin locally 
in the eye with good results. This group demonstrated how penicillin could be 
produced in quantity. 

Tillett and his group in 1943% reported on the ability of penicillin to protect 
mice from infection with sulfadiazine-resistant pneumococci. Then in 1944 
Tillett, Cambier and McCormack* reported the treatment of 46 cases of pneu- 
mococcal pneumonia with penicillin. There were only 3 deaths in this series, a 
mortality rate of but 6.5 per cent. In addition, this same group of authors 
successfully treated 7 of 8 cases of empyema by needle thoracentesis drainage 
and local instillation of penicillin into the empyema space. Thus, the modern 
era of treatment of pneumococcal pneumonia was launched. 

As they have been discovered and produced, the newer antibiotics have been 
tried as treatment of pneumococcal pneumonia and many have been found to 
be satisfactory. Among these are erythromycin,”® chlortetracycline, chloram- 
phenicol and oxytetracycline.” * 


Variations in Penicillin Therapy 


In the original 46 cases of pneumococcal pneumonia treated with 
penicillin in 1944 by Tillett et al.,?4 an aqueous solution of penicillin 
was used. This was administered intravenously or intramuscularly on a 
dosage schedule of 10,000 to 25,000 units every three hours for one to 
four days. Thirty-nine of the 46 patients had a rapid crisis in 10 to 20 
hours after the start of therapy. It was noted that relapse was liable to 
oecur if treatment was not carried out longer than two days. They also 
found that an interval of 12 to 16 hours between doses could be allowed. 
They therefore recommended that pneumococcal pneumonia patients be 
treated with four injections of 10,000 to 25,000 units of penicillin every 
three hours during the day time for three to four successive days. 

During the past almost 20 years, the route of administration, the 
chemical nature of penicillin used, the amount of drug and the time in- 
terval between doses have been varied. In spite of these minor improve- 
ments there really has been no great change in the treatment of the dis- 
ease or in the overall mortality rate. 

The routine use of penicillin in the treatment of infections from 1944 
to 1948 consisted of injections of the drug in amounts of approximately 
25,000 to 50,000 units every three hours. In 1948 Altemeier? reported the 
satisfactory use of injection of 100,000 units of aqueous penicillin every 


1264 Ricuarp L. Wirt, Morton HaMBURGER 


eight hours for the treatment of various infections seen on the surgical 
wards of the Cincinnati General Hospital. As the, 

Other investigators? *! found that more widely spaced injections of 
penicillin resulted in satisfactory treatment of infections. They postu- 
lated that continuous high blood levels were not necessary and hypoth- 
esized that it was important to allow some bacterial growth so that 
penicillin would be able to act. 

During the winter of 1947-1948, Hamburger et al.’® treated 64 cases 
of pneumococcal pneumonia using a regimen of 300,000 or 200,000 units 
of aqueous potassium penicillin G intramuscularly twice in the first 24 
hours and then once each day for six days or until the temperature was 
normal for 48 hours. This schedule of treatment resulted in a new low 
death rate of 6.3 per cent for pneumococcal pneumonia at the Cincinnati 
General Hospital. 

Thus, the treatment of pneumococcal pneumonia evolved to that con- 
sisting of widely spaced injections every six to 12 hours, of relatively 
high doses, of 200,000 to 600,000 units of potassium penicillin G. How- 
ever, even in the early days of penicillin treatment investigators were 
interested in the possibility of the oral use of the drug. Bunn, McDermott 
et al.4 successfully treated 44 of 45 cases with oral penicillin G, utilizing a 
dosage schedule of 200,000 units for the first dose and 50,000 units every 
two hours thereafter until 24 to 36 hours after the crisis, then 50,000 
units every two hours from 8:00 a.m. to 10:00 p.m. The total treatment 
lasted four to seven days. 

The same laboratory*t a short time later reported on experimental 
observations concerning the metabolic fate of oral penicillin. They found 
that most penicillin was absorbed from the duodenum. Of that not 
absorbed, usually only a small amount was inactivated in the stomach 
and most was excreted in the stool or inactivated by bacteria in the colon. 
The absorption of penicillin was found to be rapid with maximum blood 
levels occurring in 30 to 60 minutes. Subsequently persisting blood levels 
were a reflection of the original maximum blood level and not the result 
of continued absorption. They felt that the requirement of larger amounts 
of penicillin when administered orally was a result of inadequate ab- 
sorption and not inactivation by acid or bacteria. 

In 1947 Dowling et al.§ treated two groups of pneumonia patients, one 
with 75,000 units of sodium penicillin buffered with calcium carbonate by 
mouth every three hours and another group with 15,000 units of erystal- 
line penicillin G intramuscularly every three hours. There was no 
demonstrable difference in the results of the two types of treatment. 
The conclusion was that oral penicillin was an adequate treatment but 
should not be used for severe infections or when cost was a factor, but 
might be used when intramuscular injections were not feasible, as in the 
home treatment of pneumonia. Large oral doses five times the usual 
intramuscular doses were recommended. 

Later other penicillin compounds were developed for oral use which 
did not need to be given as often because of better absorption and high 
blood levels. For istance, Harvey and Mirick'® used aluminum peni- 
cillin, 300,000 units by mouth every 12 hours successfully in 37 patients. 
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The drug was given until the patient was afebrile for 72 hours. Austrian 
and Winston in 1956? used penicillin V (phenoxymethyl penicillin) 
400,000 units every 12 hours. This preparation was found to be resistant 
to gastric acid and better absorbed from the intestinal tract. Seventy- 
three patients were satisfactorily treated in the mild to moderately 
severe pneumonia group. 

At the Cincinnati General Hospital,?: 2° oral penicillin V was used 
for the treatment of moderate and severe pneumococcal pneumonia over 
a period of three years, 1955-1958. A total of 145 patients were treated, 
94.4 per cent satisfactorily. The usual dose was 250 mg. every six hours. 
This form of therapy was considered to be safe and adequate for the 
great majority of patients with pneumococcal pneumonia but was not 
recommended for use in critically ill patients or those with purulent 
complications. 


Modern Treatment 


The treatment of pneumococcal pneumonia! may be divided into 
two aspects, the extremely important supportive measures and the 
specific antibiotic treatment. Supportive treatment begins with bed 
test; even those with mild disease should probably be in bed for the first 
two days. All patients should be at bed rest for two to four days and 
longer, if necessary, for abatement of the toxic phase. The diet is usually 
one of liquids for the first day or two, with progression to a regular diet 
as the patient is able to tolerate it. Fluid intake should amount to at 
least 3000 ml. per day, by mouth if possible. If the patient is not able to 
drink, intravenous fluids should be given. It is our usual practice to give 
500 to 1000 cc. of 5 per cent glucose in normal saline and the rest as 5 
per cent glucose in water. Oxygen should be used when there is even 
faint cyanosis and may be given to help relieve the dyspnea even when 
cyanosis is not perceived. Probably the best method of administration 
of the oxygen is by nasal catheter inserted to the level of the uvula in the 
posterior pharynx. The optimum oxygen flow rate is about 6 liters per 
minute. The pain of pleurisy may be relieved by 30 or 60 mg. of codeine 
but if this is not sufficient we do not hesitate to give the patient morphine, 
gr. 6 to 4, or 50 to 100 mg. of merperidine hydrochloride. 

High fever, particularly temperatures of 104 to 105°, may be relieved 
by 0.3-0.6 gm. of aspirin. This, as well as a cooling sponge bath, often 
not only relieves the high fever but results in a more comfortable patient. 

Antibiotic therapy for the moderately as well as the severely ill 
patient may now consist of phenoxymethyl penicillin (penicillin V), 
250 mg. orally every six hours. If the patient is unable to take or retain 
oral medications for some reason, or if he is critically ill, then potassium 
penicillin G, 500,000 units, should be given intramuscularly every eight 
hours. This dose of penicillin should be regarded as maximum. It is 
sufficiently higher than proved effective schedules to provide a comfort- 
able margin of therapeutic safety, yet probably not so high as to promote 
superinfection. 

If the patient is unable to take penicillin because of sensitivity to the 
drug, then one of the proven adequate alternative treatments may be 
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prescribed. The patient may be given erythromycin, 250 mg. every six 
hours by mouth, or erythromycin glucoheptonate intravenously, 250 
mg. every six hours. Tetracycline may also be given, preferably 500 mg. 
by mouth every six hours. 

Antibiotic therapy should be continued until the temperature remains 
normal for at least two days. 

There are other perfectly satisfactory antibiotic regimens which may 
be used in the treatment of pneumococcal pneumonia. There are some 
regimens which do not seem at all warranted, such as the use of multiple 
antibiotics. Chloramphenicol should not be needed, nor should the new 
antistaphylococcal penicillins. In an emergency room practice where 
large numbers of patients with pneumonia are treated, they are some- 
times given an injection consisting of 1.2 million units of benzathine 
penicillin G and 600,000 units of potassium penicillin G, and follow-up 
care in the outpatient clinic where they may or may not be given further 
antibiotic therapy. This type of schedule is often adequate. However, 
Walker and Hamburger*® treated 49 patients with a single injection of 
600,000 or 1,200,000 units of benzathine penicillin G. The treatment was 
satisfactory in only 73.4 per cent of the cases and thus is not recom- 
mended for routine use. 


COMMONLY ENCOUNTERED COMPLICATIONS 


Sterile effusions are not infrequently seen in the course of pneumococcal 
pneumonia. The problem is to differentiate such an effusion from an early 
empyema. If there is no fever and no dyspnea, perhaps no treatment is 
necessary. If there is dyspnea, removal of enough fluid to relieve the 
dyspnea is in order. In massive effusions 1000 to 1200 ec. may be removed 
if the patient tolerates the procedure. Removal of fluid should also be 
done for diagnostic purposes, particularly if there is fever. The fluid 
should. be examined for specific gravity, total protein, cell count and 
differential. A Gram stain as well as bacteriologic cultures should also 
be done. If there is any question of tumor, a portion of the fluid should be 
promptly preserved in formalin and tumor cell studies performed. 

It is our opinion that whenever fluid is removed from the chest of a 
pneumonia patient, irrespective of whether it is grossly clear and suggests 
the presence of a sterile effusion or is grossly purulent and suggests 
empyema, penicillin or other antibiotic of choice for the particular 
patient should be instilled into the pleural space. If penicillin is used 
50,000 to 100,000 units of potassium penicillin G dissolved in 100 mil. 
of water is sufficient for instillation. A sterile effusion will resolve 
spontaneously as the patient improves. 

If the patient has an empyema there will most often be a secondary 
rise in body temperature. The fluid when aspirated will be of high 
turbidity, with a specific gravity over 1.015. The total protein content 
will be 3.0 gm. or more. The white blood cell count will be elevated and 
consist mainly of polymorphonuclear leukocytes. Gram stain of the 
fluid and culture will often identify the bacteria present. 

It is our experience, as in the original group treated by Tillett et saat 
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that most patients with empyema, if recognized and treated early, can 
be managed quite satisfactorily with needle thoracentesis for the drain- 
age of the empyema and instillation of antibiotic. Frequently only one 
or two thoracenteses will be necessary. Occasionally multiple thoracen- 
teses will be required every second or third day in order to control the 
empyema. Tube thoracotomy is seldom needed except when the empy- 
ema is located in a spot inaccessible to the needle, or if the repeated 
needle aspirations are not tolerated by the patient. There seems to be 
no need for rib resection in the treatment of empyema today except 
perhaps in the exceptional case. 

The use of proteolytic enzymes may be necessary and of benefit in 
breaking down fibrin walls producing loculations of empyema fluid. Such 
enzymes also may help liquefy the thick, viscid detritus which occasion- 
ally interferes with adequate drainage. 

Acute endocarditis and meningitis are both severe complications of 
pneumococcal pneumonia which require intensive therapy. We custom- 
arily recommend a regimen containing 12 million units of potassium 
penicillin G intramuscularly daily. The duration of therapy will vary 
with the patient but it should continue until the patient has been afebrile 
for a week and clinical evaluation suggests that the disease is controlled. 

Arthritis and sinusitis are occasionally encountered as purulent com- 
plications. Penicillin therapy should be continued and the pus evacuated. 
The evacuation may be done by needle aspiration of joints involved. 
Penicillin should be instilled into the joint space at this time. Nasal 
sinus drainage may be facilitated by vasoconstricting nose drops or 
sprays and may need irrigation. Direct surgical approach may be 
required. 

The combination of lobar pneumonia and acute alcoholism or delarvum 
tremens is a particularly hazardous one. The antibiotic treatment should 
be the same as that for any pneumonia. The supportive care must be 
altered. Fluids of high glucose and vitamin content are recommended 
and adequate sedation is mandatory. In the past the use of 5 per cent 
ethyl alcohol intravenously was often necessary. Today use of tran- 
quilizing drugs such as methaminodiazepoxide (Librium) or chlorproma- 
zine (Thorazine) parenterally has largely replaced the need for alcohol 
or paraldehyde. For example, the patient with delirium tremens may be 
given 1000 ce. of 10 per cent glucose in water intravenously, to which 
has been added 100 mg. of thiamine. It has also been the practice to add 
20 units of regular insulin. Twenty-five to 50 mg. of chlorpromazine or 
100 mg. of methaminodiazepoxide is given intramuscularly. Peripheral 
vascular collapse may be treated with levarterenol, 8 mg. in 1000 cc. 
of intravenous fluids, or metaraminol, 100 mg. in a liter of intravenous 
fluids. ri 

The patient with toxic hepatitis usually requires no particular manage- 
ment except the routine. However, adequate fluid, vitamin and glucose 
intake should be assured. 

Drug reactions in the treatment of pneumococcal pneumonia consist 
mainly of reactions to penicillin. Simple urticaria may recede after with- 
drawal of the penicillin and no further treatment is needed. Pruritus may 
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be alleviated by use of an antihistamine drug and/or topical soothing 
lotions such as calamine. More severe serum sickness type reactions with 
urticaria, arthralgia and fever may be prolonged and respond only to the 
administration of cortisone. In any reaction the penicillin should be dis- 
continued and replaced by another antibiotic such as erythromycin or 
retracycline. 


PROGNOSIS 


Treatment with antibiotics has lowered the death rate of pneumococcal 
pneumonia to what may be an irreducible low level. 

It has been pointed out by others,!* ** and we agree, that certain factors 
are associated with increased mortality. Age is certainly a factor, the 
mortality rate rising rapidly after the age of 60. Concomitant disease 
such as heart disease, malignancy (such as myeloma) and other chronic 
illnesses, particularly chronic lung disease, increase the mortality. 
Chronic alcoholism is associated with a higher mortality rate. The 
death rate also rises with an increasing number of lobes involved 
by the disease and with the presence of bacteremia or leukopenia. 
Another obvious factor in continued mortality due to pneumococcal 
pneumonia is delay in starting adequate and specific antibiotic therapy in 
adequate dosage. 


SUMMARY 


Pneumococcal lobar pneumonia is an acute inflammatory disease of 
the lung, the nature of which has been extensively studied and described. 
The disease is spread peripherally by edema fluid carrying large numbers 
of pneumococci. The fluid moves from alveoli via the bronchi or the 
pores of Kohn. The body’s main defense is phagocytosis of the bacteria 
by leukocytes and macrophages. The phagocytosis is augmented by the 
production of antibodies; however, this immune response may not occur 
until the patient is well on the way to recovery. The production of anti- 
bodies may occur some time before, or they may first appear at the time 
of onset of clinical recovery. 

The administration of type-specific antibody results in an agglutina- 
tion and opsonizing action of pneumococci in the edema zone with sub- 
sequent phagocytosis and obliteration of the zone. 

Chemotherapy does not interfere with the immune response but helps 
prevent further spread of disease by bacteriostasis. 

Treatment of pneumococcal pneumonia has evolved rapidly in the 
past 30 years from symptomatic treatment to type-specific antiserum to 
sulfa drugs and finally penicillin. Penicillin therapy has been improved 
and modified as far as dosage and method of administration are concerned 
but in recent years the mortality rate seems to be on a plateau and sug- 
gests that penicillin has reduced the mortality from pneumonia per se-to 
its lowest achievable level. 

Complications arise in the management of pneumonia. Most often they 
are of a purulent nature in the pleural space, joints or sinuses and require 
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drainage and antibiotic treatment. Endocarditis and meningitis require 
intensive, high-dosage antibiotic therapy. Other factors complicating 
the disease picture such as alcoholism, hepatitis and drug reactions re- 
quire their own specific management measures. 

The prognosis depends in large measure on the complicating or ex- 
tenuating circumstances encountered. Thus the mortality rate has been 
found to be elevated by increased age, concomitant disease, multilobar 
involvement, bacteremia, leukopenia and delay in the initiation of 
treatment. The young, otherwise healthy patient who suffers from one 
lobe pneumonia is more likely to have a rapid clinical response than is the 
elderly patient with involvement of one or more lobes. Those patients 
with the complicating factors listed above seem more likely to have a 
delayed clinical response. 
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BASIC PRINCIPLES 


TUBERCULOSIS is usually a chronic disease characterized by lesions 
which undergo necrosis and cavity formation. Healing is accomplished 
mainly by fibrosis, calcification and scarring. Because of the relatively 
slow multiplication of the causative organism, the nature of the tissue 
reaction, and the leisurely pace of the healing process, chemotherapy 
must be given for prolonged periods and is usually not eradicative. The 
various factors related to host resistance are important in determining 
the outcome. Microbial resistance is a dominant consideration because 
of the necessity for prolonged treatment and the very large population 
of organisms present in the lining of pulmonary cavities. 


Indications for Treatment 


The presence of active tuberculous disease is indication for treatment. 
The diagnosis of active tuberculosis may be suggested strongly on clinical 
grounds and supported by the radiographic appearance, but in every 
case vigorous attempts should be made to demonstrate acid-fast bacilli 
by smears and cultures before treatment is started. Rarely, it is necessary 
to resort to a therapeutic trial of antituberculosis drugs to help in estab- 
lishing the diagnosis when other methods have failed, and in patients with 
suspected tuberculous meningitis it is often expedient to begin therapy 
immediately despite the absence of acid-fast bacilli in the spinal fluid. 

Drugs may be used also in the prevention of tuberculosis. Primary 
prophylaxis, or the administration of drugs to prevent infection in 
individuals with negative tuberculin tests who are forced to live in a 
tuberculous environment, is being investigated on a large scale by the 
Public Health Service,® with apparent success. Another type of prophy- 
laxis, called “secondary,” was proved to be useful in a study completed 
in 1961.4 The extrapulmonary complications of asymptomatic primary 
tuberculosis were largely prevented by the administration of isoniazid 
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to a group of young children who had positive tuberculin tests with or 
without radiographic changes. 

It is now common practice to treat all children up to the age of four 
years who have a positive tuberculin skin test. 


Combined Therapy 


When patients with cavitary pulmonary tuberculosis were treated 
with streptomycin alone, an initial period of improvement was often 
followed by a relapse of the disease associated with the emergence of 
streptomycin-resistant bacilli in the sputum. In 1949 it was demon- 
strated that the emergence of streptomycin-resistant bacilli could be 
delayed by the simultaneous administration of PAS.° A similar situation 
with regard to isoniazid resistant strains was recognized,’? and com- 
parable delay was noted when PAS or streptomycin was given with the 
isoniazid. Thus, it became firmly established that combined therapy was 
necessary in the treatment of tuberculosis. Certain exceptions to this 
rule will be mentioned. 


CHEMISTRY, PHARMACOLOGY AND TOXICITY OF DRUGS 


Major Drugs 


The big three in the chemotherapy of tuberculosis are isoniazid, 
streptomycin and para-aminosalicylic acid (PAS). 

Isonrazip is the generic name for isonicotinic acid hydrazide. Its 
structural formula is shown in Figure 1. It is absorbed rapidly and com- 
pletely from the gastrointestinal tract and the concentration of active 
drug in the serum is roughly proportional to the amount administered. 
After a dose of 100 mg., a peak level of 1 to 4 meg. per ml. appears in 
the serum at one to two hours, and this level falls gradually over the 
next four hours to an amount below detection. After 200 mg. the peak 
level is approximately 5 meg. per ml. and at six hours it is 2. Much of the 
orally administered drug is metabolized to inactive compounds, mainly 
the acetyl derivative. It has been found that the fate of ingested isoniazid 
varies in different individuals. According to the rapidity with which the 
drug is metabolized, individuals may be grouped roughly into “rapid, 
slow and intermediate inactivators,” depending on the serum concentra- 
tion of active drug six hours after the oral administration of a test dose. 
Many studies have been done to determine the clinical significance of 
the rate of inactivation of isoniazid, but as yet no convincing evidence 
has been provided that the slow inactivators derive more benefit from 
the usual doses of isoniazid than the rapid inactivators. In this regard it 
also has been shown that the simultaneous administration of PAS may 
increase slightly the level of active isoniazid in the blood, presumably by 
interfering in some way with the excretion or the chemical alteration of 
isoniazid. 

; Isoniazid is widely distributed in all the body fluids and tissues. Levels 
in the cerebrospinal fluid are comparable to those in the blood. The drug 
is excreted rapidly predominantly by the kidneys. It may be given by 
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Fig. 1. Chemical structure of some antituberculosis drugs and related compounds. 


the intramuscular or intravenous route if oral administration is not 
feasible. 


Isoniazid is the least toxic of all the antituberculosis drugs. The most common 
complication is peripheral neuritis, and the chances of developing this compli- 
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cation are directly related to the dosage and the blood level of active drug. 
Rarely seen when 5 mg. per kg. per day is administered, its incidence increases 
progressively when larger amounts are given. It was pointed out by Biehl and 
Vilter! that the neuritis was due to disturbance in the metabolism of pyridoxine 
and that the administration of this vitamin will prevent the development of 
neuritis in patients given high dosage of isoniazid. In addition, a few cases of 
pellagra have been described during isoniazid therapy and these have responded 
to nicotinamide. Optic neuritis is rarely seen. Toxic psychosis has been described 
in a few patients. Apparently this effect is not related to dosage, and is not 
prevented by pyridoxine. Allergic reactions such as fever and skin rash are rare, 
but several cases of hepatitis presumably on an allergic basis have been noted. 


SrREPTOMYCIN is an antibiotic elaborated by Streptomyces griseus. 
Since it is very poorly absorbed from the gastrointestinal tract, the drug 
must be given parenterally. After intramuscular injection of 1 gm., a 
peak serum level of approximately 30 mcg. per ml. is achieved in one 
hour. This level falls rapidly until the fourth hour, then more slowly, and 
there is usually no detectable level after 12 hours. There is some variation 
in the blood level of active drug achieved by different individuals and in 
the metabolism and urinary excretion.* Most of the streptomycin remains 
in the extracellular fluid compartment. It does not pass the blood-brain 
barrier readily, so that levels in the cerebrospinal fluid even in the pres- 
ence of meningitis are usually not adequate. Its main pathway of excre- 
tion is through the kidneys. 


Allergic reactions, mainly fever and skin rash and often accompanied by 
eosinophilia, occur in about 5 per cent of patients who are given streptomycin. 
The major toxic effect is damage to the vestibular and cochlear divisions of the 
eighth nerve. Directly related to total dosage, vestibular dysfunction may be 
expected in 10 to 20 per cent of patients treated with 1 gm. daily for over 3 
months. Older people are at greater risk, probably because of inability to com- 
pensate for loss of vestibular function. Nerve deafness is noted much less 
frequently and is of later onset. It, too, occurs more often in older individuals, 
and in those with impaired renal function. At least partial recovery is the rule 
if the drug is discontinued promptly after the recognition of vestibular dysfunc- 
tion, but the impairment of hearing is usually permanent and, indeed, may 
progress even after withdrawal of the drug. 

Certain other effects on the nervous system have been observed. Toxic 
encephalopathy has occurred rarely, and then usually in patients who had 
excessively high blood levels because of impaired renal function. Paresthesias, 
especially around the mouth, are not uncommon soon after the injection. 
Evidences of renal irritation, such as the presence of casts and small amounts 
of albumin in the urine, are frequently observed, but usually are transient. In 
persons with previously damaged kidneys the use of full dosage of streptomycin 
may cause further dysfunction. 


DIHYDROSTREPTOMYCIN is less toxic for the vestibular apparatus, but 
it is not recommended because of increased tendency to cause permanent 
deafness. 

PARA-AMINOSALICYLIC AcID (PAS) is 2-hydroxy-4-aminobenzoic acid. 
Its structural formula is indicated in Figure 1. It is manufactured com- 
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mercially from m-aminophenol. The free acid is unstable and must be 
used within a few hours after mixing in aqueous solutions. The drug is 
usually administered as the sodium, potassium or calcium salt, since the 
salts are more stable, more soluble, and better tolerated. PAS is rapidly 
and more or less completely absorbed from the gastrointestinal tract, 
although the rate of absorption depends on the type of preparation used. 
When administered in aqueous solution, peak blood levels of approxi- 
mately 100 meg. per ml. appear in one to two hours, with very little 
measurable drug remaining after six hours. After the administration of 
PAS in tablet form absorption is delayed, peak levels are lower, and 
significant amounts remain in the blood for a longer time. 

The drug is widely distributed in the tissues and body fluids and it is 
excreted mainly in the urine. Significant amounts can also be found in the 
feces. PAS is extensively metabolized in the body primarily by acetyla- 
tion but also by conjugation with glycine and by other mechanisms. 


With a rate of 7 per cent, PAS is the most likely of all the antituberculosis 
drugs to produce allergic reactions. A picture similar to that seen in infectious 
mononucleosis was described by Cannemyer et al.‘ in 14 out of 5000 patients. 
In addition, a few cases of allergic pneumonia accompanied by eosinophilia have 
been described. Hepatitis, probably on an allergic rather than a toxic basis, is 
a more serious reaction which demands withdrawal of the drug. In one series it 
was found in 0.2 per cent of patients.* 

The most troublesome side effects from PAS administration are related to 
gastrointestinal irritation. Almost everybody who takes the drug experiences 
some degree of anorexia and nausea. In some individuals the symptoms progress 
to vomiting and diarrhea of various degrees of severity. These manifestations 
can usually be controlled by experimenting with different preparations of the 
drug and by strong moral support on the part of the physician. 

PAS can inhibit the binding of iodine in the synthesis of thyroid hormone. 
Rarely seen when the drug is given in the usual dosage, goiter occurs commonly 
when 20 gm. a day are ingested for prolonged periods.’® 

PAS has little bactericidal effect on tubercle bacilli in vitro, and, when used 
alone, only slight effect on tuberculous disease in animals and man. 


Second Line Drugs 


In this category are included those drugs which have been found to be 
most useful in the treatment of patients who for one reason or another 
were not able to derive benefit from the three major drugs. They are 
cycloserine, pyrazinamide, viomycin and ethionamide. 

CycLOSERINE is an antibiotic elaborated by Streptomyces orchidaceus. 
Chemically, the drug is p-4-amino-3-isoxazolidone (see Fig. 1). It is 
rapidly absorbed from the gastrointestinal tract so that peak levels in the 
blood appear within three to four hours and insignificant amounts re- 
main at 12 hours. Approximately 35 per cent of the drug is chemically 
altered in the body to derivatives not yet identified. It is excreted 
primarily by the kidneys at a relatively slow rate. Cycloserine is widely 
distributed throughout the body fluids and it passes readily across the 
blood-brain barrier. 
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Allergic reactions and other side effects are rarely seen. The major toxic 
manifestations are related to the central nervous system and include somnolence, 
convulsions and psychosis. They are directly related to dosage and blood levels. 
On a dosage of 500 mg. twice daily, from 5 to 10 per cent of patients will have 
convulsions: the incidence may be reduced to 1 per cent by halving the dose.”° 
Excessive alcohol intake and simultaneous administration of isoniazid increase 
the likelihood of convulsions. 


PYRAZINAMIDE is a synthetic compound whose structural formula is 
shown in Figure 1. An analogue of nicotinamide, it also is similar struc- 
turally to isoniazid. It is readily absorbed from the gastrointestinal tract 
with a wide distribution throughout the body. Peak blood levels are 
reached approximately two hours after ingestion and the drug is excreted 
largely through the kidneys. A peculiarity of this drug is the lack of effect 
on mycobacteria other than human tuberele bacilli and the necessity 
for an acidic environment to demonstrate inhibition of growth. 

Yeager™ noted that patients treated with pyrazinamide alone often 
showed a temporary good response, followed by relapse of disease after 
three to six weeks. These early relapses are related to the emergence of 
drug-resistant bacilli. The greatest usefulness of the drug lies in the 
preparation for surgery of patients who have bacilli resistant to the major 
drugs. In this situation, especially when given with companion drugs, 
its relatively short-term but sometimes striking benefit best can be 
utilized. 


The major drawback of pyrazinamide is liver toxicity. Approximately 15 per 
cent of patients receiving a full oral dose of 3 grams per day will develop signs 
and symptoms of hepatotoxicity, and 2 to 3 per cent may show jaundice. Several 
deaths have been reported from liver necrosis. An annoying side effect is a 
reduction of urate clearance by the kidney and the subsequent appearance of 
gout. The incidence of hepatotoxicity can be reduced by decreasing the daily 
dosage to 1.5 grams, but this maneuver is accompanied by a corresponding 
decrease in antituberculosis effect. 


VIOMYCIN is an antibiotic produced by a species of Streptomyces. 
It is given by intramuscular injection. It has about one-quarter of the 
antituberculosis effect of streptomycin in vitro and in the experimental 
animal, but it cannot be given in adequate dosage to humans because of 
excessive toxicity and side reactions. Allergic reactions are common, 
Renal toxicity is evidenced by frequent appearance of casts and albumin 
in the urine, elevation of the blood urea nitrogen, and electrolyte im- 
balances such as low potassium, calcium, phosphorus and chlorides, and a 
high carbon dioxide combining power. In addition, damage to the coch- 
lear and vestibular divisions of the eighth nerve may occur. For these 
reasons, the drug is usually given in dosage of 2 gm. (1 gm. twice a day) 
intramuscularly twice weekly, and at this level it is fairly well tolerated. 

ETHIONAMIDE is 2-ethyl-thioisonicotinamide. It is a substituted 
thioamide of isonicotinic acid. From the structural formulas shown 
in Figure 1 it may be seen that this compound is closely related to isonia- 
zid. That its antituberculosis effect is probably dependent upon the 
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sulfur-containing radical is indicated by the fact that there is in vitro 
cross-resistance of mycobacteria between ethionamide and amithiozone 
but not between the former and isoniazid. A summary of experimental 


and clinical observations was recently published by Brouet, Rist and 
co-workers.”: 17 


Very little is known about the pharmacology and metabolic fate of 
ethionamide. After oral administration of 500 mg., the peak blood level 
is reached at about two to three hours, but it varies widely from un- 
measurable to approximately 2.5 meg. per ml., with an average of 0.8 
meg. This level is only slightly less at six and nine hours. These values 
may be compared with the amount of drug necessary to inhibit growth 
of mycobacteria: 0.4 meg. per ml. in liquid medium without serum and 
1.2 with serum. Only a small amount of ethionamide can be found in the 
urine after oral administration. The drug passes readily into the cerebro- 
spinal fluid. 


Side effects and toxicity are common. The most disturbing of these is severe 
gastrointestinal intolerance which is manifested by at least half of the patients 
who receive 1 gm. daily. Skin rashes, some of them severe, are frequently noted. 
Several well documented instances of hepatotoxicity, some with jaundice, have 
been reported. At least one case of peripheral neuritis has been noted. Mental 
depression is not uncommonly seen. 


Third Line Drugs 


In this category are placed those drugs which generally are used only 
in desperate cases because of limited effect and excessive toxicity. It also 
includes those agents which are still under investigation, 


KANAMYCIN is an antibiotic closely related.to neomycin with which it shares 
antibiotic activity and toxicity. It is given by intramuscular injection, usually 
in regimens of 1 or 2 gm. 2 or 3 times a week. Irreversible deafness will occur in 
a sizable proportion of patients who are given 1 gm. daily for prolonged periods. 

AmITHIOZONE (thiacetazone in Great Britain) is 4-acetylamino-benzaldehyde 
thiosemicarbazone. The structural formula is indicated in Figure 1. Having been 
more or less abandoned because of excessive toxicity, it recently has been tried 
again in East Africa. In one report of a co-operative investigation with the 
collaboration of the British Medical Research Council,’ encouraging results were 
noted when the drug was combined with isoniazid in previously untreated 
patients, and it was found to be as effective as PAS in preventing the emergence 
of isoniazid-resistant bacilli. In another report from Africa, Grounds" found that 
the combination of amithiozone and streptomycin was not effective in patients 
whose organisms were resistant to isoniazid and PAS. 

Amithiozone is given by mouth in dosage of 150 to 200 mg. per day. Even 
with these low doses, serious blood dyscrasias and hepatitis may be seen. Three 
cases of Stevens-Johnson syndrome with one death have also been reported. ; 

ErHAMBUTOL is a synthetic crystalline compound which demonstrates anti- 
tuberculosis activity in the test tube and in experimental animals. Pilot studies 
in humans revealed a distressing incidence of peripheral and optic neuritis, and 
a rapid emergence of drug-resistant bacilli was seen in patients to whom etham- 
butol was given as a single drug. Evaluation of its possible usefulness must 
await further clinical trials. 
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CAPREOMYCIN is a new antibiotic elaborated by Streptomyces capreolus. It is 
effective in vitro and it shows no cross-resistance with streptomycin. The limited 
clinical trials so far completed showed that it is an effective drug without 
significant toxicity for man. ee f 

OXYTETRACYCLINE has been used to treat tuberculosis in humans with varying 
results. All three of the tetracycline drugs exhibit a slight inhibitory effect on 
the growth of tubercle bacilli and a limited deterrent effect can be elicited in 
experimental disease in animals.” Trials in humans showed that those individuals 
who were able to tolerate 2 to 4 gm. of oxytetracycline daily for prolonged 
periods derived some limited benefit, mainly in that microbial resistance to the 
companion drugs, streptomycin or isoniazid, was delayed. Evidence for benefit 
beyond this is not convincing. 


DRUG REGIMENS FOR TREATMENT 


Most of our knowledge of the relative effectiveness of various drug 
combinations in the treatment of tuberculosis has come from the large- 
scale co-operative programs of the Veterans Administration-Armed 
Forces and the Public Health Service in the U.S.A., and of the British 
Medical Research Council. From these extensive data the following facts 
clearly have emerged. (1) Isoniazid is the most effective of the anti- 
tuberculosis drugs now available. (2) With few exceptions, treatment 
with single drugs is not optimal. (8) The emergence of drug-resistant 
tubercle bacilli is a major catastrophe which can best be avoided by 
combined drug administration on a continual basis. (4) Drug therapy 
must be prolonged and uninterrupted. (5) In original treatment patients 
who take their drugs according to plan, over 90 per cent can be cured of 
their disease. 


Regimens of Therapy for Initial Treatment 


For previously untreated tuberculosis there are three regimens from 
which to choose: (1) daily isoniazid plus daily PAS; (2) daily isoniazid 
plus daily streptomycin; (3) triple therapy with isoniazid, streptomycin 
and PAS, each daily, for 6 to 12 weeks, followed by isoniazid plus PAS. 

The choice among these three regimens depends on an evaluation 
of the following five factors: relative efficacy, ease of administration and 
patient acceptance, incidence of side effects, cost, and type and extent of 
disease. 

In carefully controlled studies involving large numbers of patients in 
the Veterans Administration-Armed Forces co-operative study, no 
significant differences were noted in the results obtained with the use of 
the triple drug regimen as compared with isoniazid plus PAS. Studies 
done in Great Britain have indicated a slight superiority of isoniazid 
plus daily streptomycin over isoniazid plus PAS. As far as the second, 
third and fourth factors are concerned, there is little doubt that treatment 
employing the two orally administered drugs, isoniazid plus PAS, rates 
the premier position, and in this country it is the most popular drug 
regimen. The triple drug regimen is used routinely by some clinics, but 
the majority of physicians treating tuberculosis today reserve this regi- 
men for instances of severe illness such as tuberculous meningitis and 
very far advanced pulmonary disease. 
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The use of isoniazid alone in the treatment of active disease should be 
avoided whenever possible. Although the results in patients with minimal 
pulmonary disease without cavitation are only slightly inferior to those 
of combined therapy, it seems undesirable to invite the risk to the indi- 
vidual and to the community of favoring the emergence of isoniazid- 
resistant strains. Isoniazid alone may be used effectively for primary and 
secondary prophylaxis and for the continuing second or third year of 
chemotherapy in those patients without residual cavitation who have 
shown a good result from the first one or two years of combined therapy.” 


Regimens of Therapy for Re-treatment 


An increasing proportion of individuals with active tuberculosis are 
recalcitrant patients whose disease has relapsed because of interruptions 
of treatment and refusal to follow instructions. In order to plan treatment 
for these cases and for those whose relapse was based on other factors, 
it is necessary to know the drug-susceptibility pattern of their strains of 
tubercle bacilli. Most of them will harbor strains resistant to one or more 
of the three major drugs and one must turn to the second and third line 
agents. A regimen of two or three drugs is chosen to include any of the 
major drugs to which the organisms are still susceptible, and one or two 
others. Until the susceptibilities are known, it is usually best to administer 
two drugs to which the patient has never been exposed. There is some 
evidence that the continued administration of isoniazid may be beneficial 
even if the bacilli show in vitro resistance to it.1® 22 The serum antimyco- 
bacterial inhibition test’ may be used to help in the choice of a combina- 
tion of drugs that will have an inhibitory effect on the patient’s organisms. 
Many different combinations of drugs have been tried, with varying 
success. Depending on the severity of illness and the amount of irrepa- 
rable damage to the lung, from 25 to 50 per cent of the resistant re- 
treatment cases may be salvaged by the intelligent manipulation of 
available drugs and the judicious use of surgery. 


Dosage 


The dosage for each drug is indicated in Table 1. The optimum dosage 
and rhythm of administration of isoniazid is still not settled. Large-scale 
controlled studies have not shown enough benefit from the larger doses 
to warrant the increased risk of side effects or the increased cost of the 
pyridoxine which must be given to prevent neuritis. Recent evidence 
from the Madras trials!® suggests that, when isoniazid alone is used, 
large daily doses are more effective than small ones and that a single 
daily dose is more effective than the same amount given twice daily. 
Until the situation is clarified, it is recommended that isoniazid be given 
in a daily dosage of 300 to 400 mg. either once or twice daily and that 
the higher dosages (with pyridoxine) be used only for cases of meningitis 
and very far advanced disease. 

Streptomycin should be given once daily for maximum effect, but 
twice or thrice weekly injections may be used for continuing long-term 
treatment. As a companion drug with isoniazid, anything less than daily 
administration at the start of therapy increases the rapidity of emergence 
of isoniazid-resistant bacilli. 
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Table 1. Dosage, Toxicity and Allergic Reactions for the 
Principal Antituberculosis Drugs 
ne aaa rr oe ee 


DOSAGE 


DRUG Usual High ROUTE MAIN TOXICITY me eet 
AND SIDE EFFECT Sane 
mg./kg./d. gm./d.t mg./kg./d. 
Isoniazid 5-8 0.3 10-20* Oral Peripheral neuritis Rare 
Streptomycin 10-15 1.0 25 I.M. Vestibular and otic 6% 
damage 
Para-aminosalicylic 200 12.0 300 Oral Gastrointestinal upset 7% 
acid (PAS) ’ 
Cycloserine 10 0.75 30* Oral Convulsions and Rare 
psychosis 
Pyrazinamide 20 1.5 40 Oral Hepatitis and gout Rare 
Viomycin 10 2.0 20 I.M. Renal and 8th nerve Common 
2X damage 
Ethionamide 10 1.0 20* Oral. Hepatitis, mental Common 
depression, gastro- 
intestinal upset 
Kanamycin — 1.0 —_— I.M. Deafness and renal Rare 
3 X wk. irritation 
Amithiozone = 0.150 — Oral Blood dyscrasia and Common 


hepatitis 


* With pyridoxine. 
+ For adults; higher dosage on body weight basis usually used in children. 


The decision of how much risk one is willing to take in giving the more 
toxic drugs to the limit of tolerance will depend upon the seriousness of 
the patient’s disease. If it is necessary to persist with a drug after minor 
allergic manifestations have appeared, one may try desensitization 
starting with minute amounts and gradually building up the dosage over 
a period of several weeks, or one may give large amounts of steroids for a 
few days and then rapidly increase the dosage of the drug. In many cases 
it is wiser to change to another agent. 

Certain combinations of drugs seem to carry an increased risk of 
toxicity. For instance, central nervous system manifestations are more 
frequently seen with the combination of cycloserine and isoniazid than 
with either drug alone, especially when the dosage of isoniazid is high. 
The combination of pyrazinamide and ethionamide should be particularly 
dangerous since each drug is hepatotoxic. 

Children seem to tolerate relatively large amounts of the antitubercu- 
losis drugs without difficulty. It is common practice to give them 10 to 
20 mg. per kg. per day of isoniazid without pyridoxine. Damage to the 
eighth nerve by streptomycin is less often seen in children and they 
rarely exhibit reactions to cycloserine. 


Duration of Treatment 


The duration of drug treatment necessary to insure a good result 
depends upon such diverse factors as age, location and extent of disease, 
nature of the tissue reaction, and host resistance. Since one cannot 
assess accurately all of these factors, it is necessary to treat all cases for a 
long time in order to keep the relapse rate at a minimum. One year is the 
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minimum duration of therapy for prophylactic purposes; 18 months for 
active minimal disease; two years for the average case of moderately 
advanced disease; three years and more for very far advanced disease 
and in those who are left with thin-walled pulmonary cavities and 
repeatedly negative cultures of the sputum (the so-called ‘open negative 
syndrome’’). In the case of older people who have fibrotic disease it has 
been recommended that isoniazid be given indefinitely, either alone or in 
combination with another drug. 


Corticosteroids 


There is no convincing evidence that the benefits gained by the 
administration of steroids in the average case of tuberculosis outweigh 
the potentially harmful side effects. Controlled studies have shown that, 
during the first three months of treatment, there is usually a more rapid 
defervescence of fever, more rapid weight gain, and an increased rapidity 
of radiographic clearing, but cavity closure, sputum bacteriology and 
degree of physiologic damage two to three years later are not affected. 
It must be realized, however, that when steroid therapy is indicated for 
other reasons (adrenal insufficiency, lupus erythematosus, ete.) it may 
be given to patients with tuberculosis under cover of effective chemo- 
therapy. 

From the evidence available at this time the administration of steroids 
in tuberculosis is probably indicated under the following conditions: 
(1) in tuberculous meningitis, especially where there is evidence of 
cerebrospinal fluid block; (2) when the disease is so acute and fulminating 
that the “‘toxie state’’ is felt to be life-threatening; (8) to control serious 
allergic reactions; (4) to hasten clearing of the atelectatic-pneumonic 
pulmonary segments associated with primary tuberculosis in children, 
and to hasten absorption of pleural fluid. 


DISEASES ASSOCIATED WITH OTHER MYCOBACTERIA 


In addition to M. tuberculosis, mycobacteria of several other species 
and unnamed groups produce disease in man. The pathologic processes 
can vary widely from isolated, acute lung or subcutaneous abscesses to 
extensive involvement of the reticuloendothelial system, but the usual 
manifestations are either a chronic pulmonary process similar to tuber- 
culosis or a subacute localized lymphadenitis.’: '® 

These mycobacterial diseases are more difficult to treat because the 
organisms are generally more resistant than M. tuberculosis to the 
antituberculosis drugs. Experience has shown that strains of Myco- 
bacterium kansasit usually exhibit relatively greater sensitivity than do 
the other ‘atypical’? mycobacteria.”* In experimental infections of mice 
it was found that both isoniazid and streptomycin were partially effective 
and the combination of these two drugs slightly more beneficial than 
either alone.2! For the treatment of MW. kansasii infections in humans it is 
recommended that isoniazid plus streptomycin be given, the former in 
high dosage of 10 to 15 mg. per kg. per day with pyridoxine, and the 
latter 1 gm. daily. If a third drug is needed because of a high degree of 
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in vitro resistance to isoniazid or streptomycin, it should be cycloserine, 
amithiozone or ethionamide. ; 

For infections caused by other strains of atypical mycobacteria 
(“Battey” bacilli, scotochromogens, M. fortuetum, etc.), chemotherapy 
is not satisfactory. The organisms usually exhibit strong resistance to 
isoniazid, although some have a fair degree of susceptibility to strepto- 
mycin. Jn vitro tests indicated that cycloserine inhibited the growth of 
most of these cultures, and that amithiozone was not as effective for them 
as it was for M. kansasi7.22 An occasional culture shows susceptibility 
to one or another of the antimicrobials active against pyogenic organisms. 
The best one can do, therefore, is to give triple therapy with high dosage 
of isoniazid, daily streptomycin, and another drug to which the organisms 
show zn vitro susceptibility. 


SUMMARY 


Remarkable results can be obtained today in the initial therapy of 
active tuberculosis. When treatment is uninterrupted, prolonged, and 
combined (two or more effective drugs), a good result may be expected 
in over 90 per cent of patients. The most popular regimen today is 
isoniazid in moderate dosage plus PAS. Triple therapy with isoniazid. 
streptomycin and PAS for at least the first several weeks of treatment is 
recommended by some but is not clearly more beneficial for the vast 
majority of patients. Isoniazid alone is useful in prophylaxis, but is to be 
avoided in the treatment of active disease under ordinary circumstances. 

Most of the therapeutic problems are encountered in the re-treatment 
of patients whose organisms are already resistant to one or more of the 
major drugs. Similar difficulties arise in the treatment of the patients 
who have been infected primarily with drug-resistant organisms acquired 
from unsuccessfully treated individuals, and in those infected with 
mycobacteria other than mammalian tubercle bacilli. In these situations 
one treats with a regimen of two or three drugs chosen with the aid of 
drug susceptibility tests of the patient’s organisms, and using some of the 
second and third line agents. 
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LIKE MANY of the diseases which have been clearly described and well 
recognized as clinical and pathologic entities in relatively recent times, 
bacterial endocarditis undoubtedly has affected man for centuries. Its 
precise characterization, however, awaited the development of the 
sciences of pathology and bacteriology; consequently, the disease has 
come to be well understood only during the past 100 years. Nonetheless, 
it was recognized as far back as the sixteenth century, and was of 
interest to a few physicians in the long intervening period when medical 
knowledge grew only slowly. An excellent summary of the history of this 
entity may be found in Kerr’s monograph. 

Bacterial endocarditis also represents an example of the remarkable 
progress which has marked medical therapy in the past three decades, 
particularly in the field of infectious diseases. For in this period, the 
application of the fruits of research to clinical medicine, in the form of 
agents with potent antimicrobial capability, has altered spectacularly 
the course and prognosis of many diseases of bacterial origin. In the 
case of bacterial endocarditis, a disease previously for all intents and 
purposes universally fatal, has been brought in large measure under 
effective control. 

Bacterial endocarditis has occupied the interest of many distinguished 
clinicians including Osler,*’ Horder,** Schottmuller,®® Libman,® Blumer‘ 
and Thayer,” and many excellent descriptions of the symptoms, signs 
and course of the disease have appeared in the literature.** Because of the 
lack of satisfactory therapy until the advent of the antibiotics, the many 
variations of the untreated disease have been well documented. 


* Present address: Affiliated Hospitals Center, 641 Huntington Avenue, Boston 
15, Massachusetts. 
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PRELIMINARY CONSIDERATIONS 


Definition 


Bacterial endocarditis is a disease characterized by infection of the surface of 
the valves or mural endocardium. The valves are much more frequently involved 
than is the mural endocardium, the latter being affected chiefly when endo- 
carditis occurs as a complication of a ventricular septal defect or other congenital 
malformation. It should be noted that endocarditis may also be caused by 
higher organisms, in particular by fungi. Fungal endocarditis has been seen 
more frequently of late as a result of the alteration of the normal pattern of 
bacterial flora by antibiotics. This matter will be discussed briefly in a subsequent 
section. 

In the older literature, endocarditis was usually divided into two forms, acute 
and subacute.4® The division was based generally on temporal considerations. 
When the process was of short duration, i.e., less than six weeks, the term acute 
was applied. It was also not uncommon to use this term for the process when 
organisms other than nonhemolytic streptococci or Streptococcus viridans, e.g., 
beta hemolytic streptococci or pneumococci, were the causative bacteria. Not 
infrequently, when the therapy of acute pyogenic infection was ineffective, acute 
endocarditis arose as a complication of a suppurative process of extracardiac 
origin and apparently normal endocardium was involved. 

In any case, it seems unnecessary to make such an arbitrary distinction in 
bacterial endocarditis. The disease is extremely protean in its manifestations, 
and may on occasion be characterized by a long, rather undramatic course. It 
seems preferable, therefore, to use the term bacterial endocarditis to describe 
the disease, substituting the causative organism, when it has been identified, 
for the word “bacterial.” 


Etiology 


The majority of cases of bacterial endocarditis are due to streptococci of the 
nonhemolytic type, using this term to include various strains of Streptococcus 
viridans and the enterococci. In older series, between 90 and 95 per cent of 
patients afflicted with the disease were infected with one of the nonhemolytic 
streptococci; more recently, the emergence of penicillin-resistant staphylococci 
has brought this organism into prominence as the etiologic factor in many 
cases.’ In addition, the common gram-negative rods have been responsible for 
a small number of infections*”: ® as have strains of brucella.8 Isolated instances 
of infection with a wide variety of bacteria have been recorded and occasionally 
mixed infection may occur. 

As already noted, fungi may also be the causative organisms, especially in 
patients with debilitating diseases in whom long exposure to antimicrobial 
agents has taken place. 


Pathogenesis 


The pathogenesis of bacterial endocarditis is not completely defined although 
considerable information is available in respect to factors of importance. It is 
obvious that the presence of bacteria in the blood stream is essential to the 
development of bacterial endocarditis. A large body of evidence has substan- 
tiated the common occurrence of transient bacteremia, after such everyday 
procedures as teeth brushing or gum chewing. 5° After minor dental pro- 
cedures, and especially after extractions, the incidence and intensity of bac- 
teremia are enhanced.** Most often the blood-borne organisms are nonhemolytic 
streptococci which normally inhabit the oral cavity. After manipulation of the 


The Diagnosis and Treatment of Bacterial Endocarditis 1287 


genitourinary tract, as in catheterization or cystoscopy, or after normal 
deliveries,!° enterococcal as well as gram-negative bacteremia may occur. 

When an underlying endocardial defect is present, or in congenital cardiac 
malformations, transient bacteremia constitutes a serious threat by virtue of 
the fact that the abnormal surface or structure may serve as a locus for the 
bacteria. Presumably the bacteria implant on the damaged or abnormal endo- 
cardial wall from the general blood stream,“ but it is possible that in the case 
of valves damaged by rheumatic fever the organisms may embolize the vascular 
channels which develop under such circumstances." The presence of platelet 
thrombi or other vegetative lesions serve as especially likely sites for bacterial 
implantation.*® Once implanted, the bacteria tend to become enmeshed in fibrin 
which affords a matrix in which multiplication occurs. The fibrin also tends to 
protect the bacteria against certain antimicrobial agents, e.g., sulfonamides, 
which do not diffuse readily through fibrin. 


Other Predisposing Factors 


In addition to rheumatic valvular disease or congenital malformations, bac- 
terial endocarditis occasionally occurs on aortic valves damaged by syphilis or 
atherosclerosis, and rarely on the endothelium of arteriovenous aneurysms 
resulting from trauma. In the latter instance, if treatment is delayed, the 
endocardium, though normal, may also become secondarily involved.” 


Pathology 


The hallmark of bacterial endocarditis, in terms of gross pathologic change, 
is the presence of an infected vegetation superimposed on a damaged valve. 
Often the vegetations are large, and they are usually friable, a fact which 
correlates with the high incidence of serious or even fatal embolization. 

Characteristically the process involves the mitral or aortic valves. When the 
underlying lesion is a septal defect, the vegetation may develop on the endo- 
cardium of the right ventricle, opposite the defect. Vegetations may involve 
the chordae tendineae, and in advanced cases rupture of the chordae or perfora- 
tion of an affected valve may take place, such events usually being marked by 
dramatic deteriorative changes in cardiac function. 

Microscopically, the vegetations in untreated patients consist of masses of 
bacteria, polymorphonuclear and/or mononuclear leukocytes, erythrocytes and 
fibrin. Moore has described carefully the healing process in vegetations when an 
effective antimicrobial agent is given.® 

In untreated patients, the occurrence of emboli results in infarcts which 
often are noted in the kidneys, spleen and brain. Less often, mycotic aneurysms 
may develop when bacterial emboli localize in arterial walls. 


SIGNS AND SYMPTOMS 


The manifestations of bacterial endocarditis may be extremely vari- 
able; indeed, in given cases, the paucity of findings may obscure the fact 
that a serious disease process exists. In most instances, however, a 
number of clues are available. Included are one or more of the following 
nonspecific evidences of illness: fever, often with chills and night sweats, 
malaise, anorexia, pallor and anemia. As already stated, the presence of 
friable vegetations on the affected endocardial surface gives rise fre- 
quently to emboli which, in turn, depending on their size and ultimate 
localization, may be noted as petechiae in the skin or mucous membranes 


1288 Ropert J. Guaser, Davip RIFKIND 


or as splinter hemorrhages in the nailbeds. When the diagnosis of bac- 
terial endocarditis is suspected, a careful search for petechiae is indicated, 
with special attention to the conjunctivae, the oral cavity and the optic 
fundi. Osler nodes, small painful lesions usually found on the palms or 
soles, and Janeway lesions, small, raised, nontender erythematous 
nodules, are typical of bacterial endocarditis. 

Since emboli frequently lodge in the kidneys and the spleen, they may 
produce sudden pain in the appropriate region. In the case of renal 
involvement, focal embolic nephritis or infarcts are often noted, and 
hematuria is a common finding. When emboli occlude vessels in the brain, 
serious or even fatal neurologic defects may result. If endocarditis in- 
volves the right side of the heart, the lungs may be the site of tiny 
emboli, and diagnosis may be difficult. 

Another manifestation of bacterial endocarditis, especially in advanced 
cases, is clubbing of the fingers. 

The presence of a cardiac murmur, particularly in a febrile patient, 
should call attention to the possibility of endocarditis; when the murmur 
changes in character, the likelihood of bacterial endocarditis is enhanced. 


LABORATORY FINDINGS 


In addition to anemia of normocytic, normochromic type, there may 
be a moderate leukocytosis with left shift. The sedimentation rate is 
usually elevated. Albuminuria and hematuria are common. 

The most important laboratory aid in the diagnosis of bacterial endo- 
carditis is the blood culture. In at least 80 per cent of patients, positive 
blood cultures can be obtained, particularly if multiple samples of blood 
are obtained.®: 2° When substantiation of bacterial endocarditis is sought, 
at least five cultures should be drawn. Meticulous attention to technique 
is important; blood should be cultured both aerobically as well as anaero- 
bically, and it must be remembered that certain bacteria may grow 
slowly. Consequently, cultures should be incubated for at least 15 to 20 
days before being discarded. Fungi are more easily recovered when 
Sabouraud’s agar is inoculated with blood. 


DIAGNOSIS 


Perhaps the single most important factor in the correct diagnosis of 
bacterial endocarditis is a high degree of suspicion on the part of the 
physician. In patients with either acquired valvular disease or congenital 
cardiovascular abnormalities, the presence of fever, with or without 
emboli, should call for vigorous attempts to confirm the diagnosis of 
bacterial endocarditis. It is imperative that multiple blood cultures be 
obtained promptly; if the evidence for a presumptive diagnosis is con- 
vincing, therapy should probably be begun as soon as five or more 
separate blood cultures have been drawn. Under these circumstances the 
choice of the most effective drug cannot be based on objective criteria, 
but large amounts of penicillin with streptomycin should be given while 
the results of blood cultures are awaited. In most instances, when bac- 
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terial endocarditis develops in a patient who has not been recelving 
antibiotics for other reasons, and in whom no other underlying medical 
problem has existed, the causative organism is statistically apt to be a 
nonhemolytic streptococcus, and in these circumstances the above 
therapy can be expected to be effective. As has already been emphasized, 
in patients subjected to long courses of antibiotics and in those who have 
had reparative cardiac surgical procedures, endocardial infection due to 
staphylococci or fungi has recently emerged as a major problem. 


TREATMENT 


The therapeutic challenge of bacterial endocarditis has undergone 
significant alteration in the past decade. The disease was for all practical 
purposes universally fatal until the introduction of the sulfonamides, 
with which a small percentage of cures was effected. The advent of 
penicillin therapy marked the onset of a new era, and a high cure rate of 
streptococcal endocarditis became attainable. More recently, however, 
the widespread and often indiscriminate use of penicillin and of broad- 
spectrum agents has resulted in a marked increase in endocarditis due 
to pencillin-resistant staphylococci and gram-negative rods. Many of 
these organisms are extremely difficult to eradicate.47: °® Further, a new 
dimension has been added to the therapeutic problem of this disease by 
the rapidly increasing application of newer cardiovascular surgical 
techniques. Intravascular and intracardiac sutures, patches and pros- 
thetic valves may act as foci of infection, and present a rigorous test of 
both the efficacy of therapeutic agents and the resourcefulness of the 
physician. Finally, the problem of fungal endocarditis, already alluded 
to, is significant. 

While penicillin G, after 20 years of clinical use, has yet to be sup- 
planted as the primary antibiotic for use in the treatment of bacterial 
endocarditis due to nonhemolytic streptococci and some strains of 
staphylococci, microbial resistance is becoming an ever-increasing 
problem. Two recently introduced drugs, methicillin and colistin, have 
to date shown considerable promise in the treatment of a variety of 
penicillin-resistant bacterial infections. The characteristics of these two 
antibiotics will briefly be reviewed. 


New Antibiotics 


Staphylococci resistant to penicillin G were recognized shortly after 
this antibiotic was first introduced, and the number of such strains has 
increased steadily so that they now account for 80 per cent of the serious 
infections caused by this species.’ Penicillin resistance is due to an en- 
zyme, penicillinase, elaborated by staphylococci; this substance hydro- 
lyzes penicillin G at the beta-lactam ring, yielding an inactive penicilloic 
acid. Recently a new penicillin, sodium dimethoxyphenyl penicillin 
(methicillin), having the unique property of penicillinase resistance, has 
been synthesized. This antibiotic, therefore, is equally effective against 
both penicillin G-sensitive and resistant staphylococci. 
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Methicillin, however, should be reserved only for the treatment of 
penicillin G-resistant staphylococci since it exhibits only one-fiftieth the 
activity of the latter drug against sensitive staphylococci. Thus, to 
achieve an effect equivalent to 20 million units of penicillin Ginga 
patient with a sensitive staphylococcal infection would require almost a 
kilogram of methicillin. aft 

To date, only a few isolated incidences of coagulate-positive staphylo- 
cocci resistant to methicillin have been reported;*” it should be noted, 
however, that some strains of S. albus and most strains of enterococci 
are resistant to this antibiotic.7° 7 7% 

Methicillin is a nontoxic bactericidal agent, which like penicillin G, 
is active against multiplying cells. It must be administered parenterally, 
either by the intravenous or intramuscular routes, because its acid- 
lability absorption from the intestinal tract is inadequate. It is excreted 
by the kidneys and serum concentrations are elevated and prolonged by 
the concomitant administration of probenecid by mouth.® There is no 
contraindication to its use in the presence of renal impairment although 
relatively smaller doses will maintain therapeutic serum concentrations 
in the presence of azotemia. 

The untoward reactions which have been attributed to methicillin 
include urticarial skin rashes, exfoliative dermatitis, drug fever, and 
neutropenia with elevation of the serum iron concentration.®®: * 

Colistimethate sodium (colistin) is a bactericidal polypeptide anti- 
biotic composed of five amino acids. It has the same structure as poly- 
myxin B except that it lacks a phenylalanine residue.'* This drug is active 
primarily against gram-negative rods, EH. colz, pseudomonas, klebsiella, 
aerobacter and paracolons, but not proteus. As would be anticipated, 
there is cross resistance between colistin and polymyxin B. The intra- 
muscular route is used for administration, for the drug is not absorbed 
from the gastrointestinal tract. Colistin is excreted by the kidneys and 
has been shown to be less nephrotoxic than polymyxin B.® While there 
is apparently no contraindication to the use of colistin in the presence of 
renal insufficiency, reduced dosages should be employed in azotemic 
patients.'? When colistin is administered to such patients, there may be 
an increase in azotemia while the drug is being given but return of the 
blood urea nitrogen to pretreatment levels may be expected after the 
antibiotic has been discontinued. Additional side effects include neuro- 
toxicity with perioral numbness and tingling, other paresthesias, vertigo 
and pruritus. 


Microbiologic Laboratory Determinations 


In addition to the isolation and identification of the etiologic agent, two 
additional types of information can be supplied by the laboratory to aid the 
clinician in planning the treatment of patients suffering from endocarditis. These 
are as follows: (a) the in vitro antimicrobial sensitivity pattern of the infecting 
organism; and (b) the degree of inhibition of the organism by the patient’s 
serum after antibiotic therapy has been started. The former points to the agent 
or agents most likely to be effective, and the latter, utilizing tube dilution 
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studies, may indicate that especially high doses of an antibiotic are required for 
a satisfactory therapeutic effect. They may point to particularly effective anti- 
biotic combinations when the upper limits of drug dosage is fixed by intrinsic 
toxicity as, for example, with kanamycin.*7 

In the case of the streptococci, it is useful to distinguish the penicillin 
sensitive (<0.1 units/ml.) strains from those showing only moderate sensitivity 
(0.2 units/ml. or greater). The more resistant strains distinctly call for admin- 
istration of higher doses of penicillin over longer periods of time. 

Streptomycin sensitivity studies of enterococci are usually of little importance. 
Even in those strains which show a marked degree of resistance to this antibiotic, 
it appears to exert a synergistic effect when given with penicillin and to enhance 
the killing of enterococci. Thus, even if either the tube dilution or dise plate 
techniques indicate streptomycin resistance up to 100 meg./ml., the drug 
should still be employed in therapy.®® 4 78 

After antibiotic therapy has been instituted, it is useful to measure the 
inhibitory activity of the patient’s serum against the infecting organism.” © 
Determinations of both the greatest dilution that will inhibit growth (bacterio- 
static level) and that which will kill the bacteria (bactericidal level) should be 
made. While it is desirable that the serum should be bacteriostatic in a dilution 
of 1:16 and bacterical at 1:4,°° it must be remembered that these figures repre- 
sent only a rough guide and will of necessity vary with the organism, the anti- 
biotic, the site of infection and the size of the inoculum. Determination of 
serum antibiotic levels has value also in patients with renal insufficiency who 
are receiving a relatively toxic drug such as vancomycin, kanamycin or colistin, 
providing as it does a means whereby excess serum accumulation of the given 
antibiotic can be avoided. 


Recommended Antibacterial Therapy 


STAPHYLOCOCCI 


Endocarditis due to penicillin-sensitive staphylococci can be effectively 
treated with 40 million units of aqueous crystalline penicillin G, given 
daily by the intravenous route for six weeks. Probenecid, 0.5 gm. every 
six hours, given orally, is a useful adjunct. Because of its synergistic 
effect against staphylococci when combined with penicillin, streptomycin 
should be administered in a dose of 0.5 gm. intramuscularly every 12 
hours for the first three weeks, and then daily for the last three weeks.® 

As has already been noted, in the presence of renal insufficiency less 
penicillin is required to maintain adequate blood concentrations. It is 
also important to keep in mind the fact that one million units of aqueous 
penicillin G contains 1.6 mEq. of potassium. 

In the treatment of endocarditis due to staphylococci resistant to 
penicillin G, methicillin, 2 to 6 gm. in 100 ml. of 5 per cent dextrose in 
water, should be infused intravenously over a 30 minute period every six 
hours for six weeks. While convincing evidence of synergism between 
streptomycin and methicillin has not been presented, it seems reasonable, 
on an empirical basis, to add the former to the therapeutic program if 
in vitro sensitivity is demonstrated. Probenecid should also be used 
because of its effect in increasing and prolonging the blood levels of 
methicillin. ® 
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If the clinical response of patients with endocarditis due to either 
penicillin G-sensitive or resistant strains of staphylococci 1s not satis- 
factory within two or three days, one of the following drugs should be 
added to the program, depending on the results of 7n vitro sensitivity 
studies: vancomycin, 1 gm. in 50 ml. of 5 per cent dextrose in water given 
intravenously over a 15 minute period every 12 hours for three weeks;?° 
kanamycin, 0.5 gm. intramuscularly every 12 hours, for not more than 
20 days of total therapy; or chloramphenicol, 1 gm. in 100 ml. of 5 per 
cent dextrose in water given intravenously over a 30 minute period 
every eight hours. 

In the unlikely event that endocarditis is caused by one of the rare 
strains of methicillin-resistant staphylococci, vancomycin therapy 1s 
probably the drug of choice. 


VirIDANS Srreprococci, ALpHA-HeMmoLytTic STREPTOCOCCI AND 
ENTEROCOCCI 


Streptococci of the viridans group, the so-called green or alpha 
hemolytic streptococci, are usually sensitive to less than 0.1 unit/ml. 
of penicillin G.* 2!» 8° Aqueous procaine penicillin in a dose of 600,000 
million units intramuscularly every six hours for two weeks, probenecid 
0.5 gm. orally every six hours, and streptomycin, 1 gm. intramuscularly 
every 12 hours for the first week and every 24 hours for the second week, 
should be administered to patients with endocarditis due to a strain of 
this organism. Hunter and Patterson® reviewed 146 patients treated in 
23 different clinics and found that after only two weeks of therapy the 
relapse or failure rates were comparable to those reported for patients 
treated for longer periods. 

Patients with endocarditis due to enterococci, or to streptococci re- 
quiring 0.2 units/ml. or more of penicillin G for inhibition, should receive 
20 to 40 million units of aqueous penicillin G daily by the intravenous 
route for a period of six weeks. Probenecid, 0.5 gm. orally every six hours, 
and streptomycin, 1.0 gm. intramuscularly every 12 hours for the first 
three weeks and then daily for the second three weeks, are important 
therapeutic adjuncts. If the patient’s response is not satisfactory, the 
penicillin dosage should be increased twofold or more. 

Although not the preferred therapy, good results have been reported in 
the treatment of enterococcal endocarditis with ristocetin. One gram of 
this agent, given every 12 hours by rapid infusion for 14 days, was found 
to cure nine of ten patients.® Reactions to ristocetin including skin 
rashes, exfoliative dermatitis, ototoxicity, nephrotoxicity, neutropenia 
and thrombocytopenia are not infrequent. °%. 8 


GRAM-NEGATIVE BACILLI 


In endocarditis due to the coli-aerogenes group, paracolons, proteus, 
pseudomonas and klebsiella species, experience dictates that the most 
favorable results are produced when a bactericidal agent, such as strep- 
tomycin, kanamycin or colistin plus a bacteriostatic drug, either chlor- 
amphenicol or one of the tetracyclines, is employed. The choice of anti- 
biotics and specific combinations should be determined primarily by the 
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results of in vitro sensitivity studies on the causative organism. The 
duration of therapy should be at least six weeks. 

When streptomycin is used, the optional dose is 1 gram intramuscu- 
larly every 12 hours. In the presence of renal insufficiency or when there 
is evidence of ototoxicity, the dose should be halved. Recommended 
kanamycin dosage is 0.5 gm. every 12 hours intramuscularly. The total 
dose should not exceed 20 gm. because of the likelihood of producing 
nerve deafness when larger amounts are given, and the dosage should be 
decreased in patients with oliguria. The tetracyclines and chlorampheni- 
col may be given in 1 gm. amounts in 100 ml. of 5 per cent dextrose in 
water over a 30 minute period every six to 12 hours. Waisbren et al. 
reported that they had administered as much as 18 gm. of chlorampheni- 
col intravenously ina 24 hour period, and that the addition of vitamin 
By and folic acid apparently prevented glossitis.** Bone marrow toxicity 
was not observed in their patients. The advisability of administration 
of these dosages, however, awaits further confirmation, and frequent 
monitoring of the white blood cell count is indicated in patients receiving 
chloramphenicol. 

Pseudomonas endocarditis has been found to be particularly refractory 
to chemotherapy. Sykes et al.”? reviewed seventeen cases of this entity, 
not associated with cardiac surgery. Fourteen patients succumbed; in 
the three cases in which a favorable outcome was observed, neomycin 
was used in one, polymyxin B in the second and splenectomy was per- 
formed in the third and apparently led to cure. Currently, colistin seems 
to be the most promising drug for the treatment of endocardial infections 
due to pseudomonas. Doses of 150 mg. intramuscularly every 12 hours 
should be used, and on the basis of the potentiating effect exhibited by 
oxytetracycline when it is given with polymyxin B, it is suggested that 
the former agent may also be a useful adjunct to colistin therapy.*! Mixed 
endocarditis due to pseudomonas, staphylococcus and candida species 
have been reported;*? needless to say, the treatment of this type of 
infection is an overwhelming problem for even the most resourceful 
clinician. 

Indol-negative proteus strains such as Proteus mirabilis are often 
sensitive to massive doses of penicillin G, and therapy including 40 to 60 
million units of penicillin, combined with a second antibiotic, selected on 
the basis of in vitro sensitivity tests, and probenecid may be expected to 
result in cure. 


CuLTURE-NEGATIVE ENDOCARDITIS 

In 10 to 20 per cent of patients in whom a clinical diagnosis of bacterial 
endocarditis is made, positive blood cultures cannot be obtained, even 
when a variety of media are inoculated and incubated both aerobically 
and anaerobically.*: * °* This situation is particularly apt to occur in 
patients who have had recent antibiotic therapy. In such circumstances, 
treatment should be begun with penicillin G, streptomycin and probene- 
cid, according to the schedule outlined for enterococcal endocarditis. 
If the response to this form of therapy is unsatisfactory, the following 
steps are in order: the dose of penicillin should be doubled, after which 
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other antibiotics may be added, preferably singly and on a trial basis. 
Clues as to the possible etiology should not be overlooked. For example, 
if endocardial infection occurs following a wound infection, abscess or 
pneumonia, or after cardiac surgery, the possibility of a resistant 
staphylococcus should be considered and a therapeutic trial with methi- 
cillin, vancomycin or kanamycin instituted. When there has been pre- 
ceding genitourinary tract manipulation or infection, there is greater 
likelihood of gram-negative bacillary endocarditis, and chloramphenicol, 
colistin or kanamycin should be given. 


INFREQUENT CAUSES OF ENDOCARDITIS 


Infections caused by organisms such as group A streptococci, group B strep- 
tococci, non-beta hemolytic group M-reacting streptococci,™ the meningococci 
and gonococci can be treated effectively with aqueous procaine penicillin in a 
dose of 1.2 million units intramuscularly given every 6 hours. for 3 to 4 weeks. 
Probenecid is also advised. In endocarditis due to pneumococci, therapy during 
the first 5 days should be modified by administermg intravenous aqueous 
crystalline penicillin in large doses.4 

Endocarditis due to Pasteurella-like organisms was effectively treated with 
large doses of penicillin G plus streptomycin or one of the broad-spectrum 
antibiotics for 3 to 4 weeks.” 

We have successfully treated a patient with Vibrio fetus endocarditis, using 
tetracycline in a dose of 0.5 gm. orally every 6 hours for 4 weeks, and strepto- 
mycin, 0.5 gm. intramuscularly every 12 hours, for 2 weeks. 

Bacteroides infections have responded to tetracycline plus streptomycin or 
high doses of penicillin G therapy for 6 weeks.1” *§- ® I¢ is difficult to recommend 
a therapeutic program for brucella endocarditis with confidence in view of the 
fact that all 8 patients in 2 recent series expired. It seems reasonable to employ 
a combination of tetracycline plus streptomycin in maximal doses for at least 
6 weeks.¥ 

A variety of fungal agents, including species of coccidioides, eryptococcus, 
blastomyces, histoplasma, candida, aspergillus and mucor have been implicated 
uncommonly in endocarditis.” These higher organisms undoubtedly account 
for an occasional case in which the clinical diagnosis is not substantiated by 
positive blood cultures. Of increasing importance are those cases caused by 
candida species following courses of broad-spectrum antibiotics, steroids or 
antimetabolites. Similarly, cardiac surgery and the prolonged use of polyethylene 
intravenous catheters may also be associated with candida endocarditis.2 Cases 
of candida endocarditis have proved almost universally fatal, despite ampho- 
tericin B therapy; in the only reported successful case, surgical removal of the 
valvular vegetations was apparently responsible for the outcome.4® The occur- 
rence of the “higher bacteria,” including nocardia and actinomyces, as causes 
of endocarditis has been reviewed.® *® In some instances, penicillin has been 
effective in eradicating the organisms. 


ENDOCARDITIS FOLLOWING CARDIOVASCULAR SURGERY 


Although infrequent, endocarditis following cardiovascular surgery 
carries a mortality rate of about 50 per cent. ¥. 47 Staphylococci are 
involved in 80 per cent of these cases, 50 per cent being S. albus strains.‘7 
In addition, pseudomonas and other gram-negative rods are being re- 
ported with increasing frequency. 

A number of cases of endocarditis has been observed following intro- 
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duction of prosthetic cardiac valves. Similarly, ventriculo-atrial shunt 
procedures performed for the relief of hydrocephalus have been identified 
with a significant incidence of endocardial infection? 27: 4: 47. 68. 73 [ny 
the majority of these cases, antibiotic therapy has been ineffective until 
the “infected” prosthesis has been removed from the circulatory system. 
Further, the removal procedure should be carried out promptly, before 
the clinical condition of the patient deteriorates to the point where 
operation becomes impossible. 


Treatment of Pencillin-Allergic Patients 


That severe and even fatal reactions may result from penicillin ad- 
ministration to hypersensitive patients has been amply demonstrated. 
This fact, examined in the light of the unique efficacy of this drug in 
potentially lethal endocarditis, in a sense confronts the clinician with 
the Scylla and Charybdis of antibiotic therapy. It is generally agreed, 
however, that when patients, known to be penicillin-sensitive, are 
afflicted with endocarditis which can be expected to respond to this 
antibiotic, its administration should be attempted, utilizing stringent 
precautions.!: ®°: %. 78, 80 Tt is mandatory that antihistamines, steroids, 
pressor agents and equipment for maintaining an airway be at hand. 
Initially, 1 unit of aqueous crystalline penicillin should be added to a 
500 ml. bottle of 5 per cent dextrose in water being administered intra- 
venously. After 20 minutes, if an untoward reaction has not occurred, 
10 units of penicillin should be added to the same bottle. This procedure 
is repeated at 20 minute intervals, adding tenfold increments of penicillin 
until therapeutic levels are achieved. If a moderate reaction appears, 
administration of antihistamines or steroids should be begun. Up to 
100 mg. of prednisone by mouth, or 300 mg. of hydrocortisone hemisuc- 
cinate by vein, may be required daily. Polyethylene intravenous catheters 
are to be avoided, particularly when steroids are being administered, 
because of the danger of superimposed candida endocarditis.” Alter- 
natively, in penicillin-allergic patients with enterococcal endocarditis, 
ristocetin therapy may be used. 

In the penicillin-sensitive patient with endocarditis due to staphylo- 
cocci resistant to penicillin G, the question of cross-hypersensitivity to 
methicillin arises. This problem has not as yet been resolved, although 
cases have been reported in which methicillin administration has been 
tolerated by patients in whom a previous allergic reaction to penicillin 
G has occurred.**: §7 In such patients, however, it is probably safer to 
start methicillin administration by the desensitization procedure out- 
lined above, beginning with a 1 mcg. dose. Alternatively, if methicillin 
therapy does not prove feasible in these patients, vancomycin should be 
employed. 


PROPHYLAXIS 


In an earlier section, the frequent occurrence of transient bacteremia 
was noted, and its enhancement after dental extraction, instr umentation 
of the genitourinary tract and obstetrical and aynecolowic procedures 
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was emphasized. In some series of patients with bacterial endocarditis, 
historical data strongly suggest a direct relationship between prior 
dental extraction and the genesis of endocarditis.*°: * Although, as has 
been pointed out by Finland,?° there is no incontrovertible evidence 
supporting the concept that prophylaxis is beneficial, most physicians 
especially interested in bacterial endocarditis advise the use of antibiotic 
prophylaxis in susceptible patients undergoing dental procedures or other 
manipulations known to be associated with an increase in transient 
bacteremia. Until it is demonstrated conclusively that prophylaxis is not 
valuable, it is our view that it should be given. 

Studies with several antibiotics have indicated that prophylaxis, 
though it results in a decrease in bacteremia, does not prevent it.* 
Thus, whatever efficacy there is in prophylaxis presumably derives from 
the prompt eradication of organisms which have become implanted on a 
diseased valve or other abnormal cardiac structure. For this reason, it is 
strongly recommended that the agent given for purposes of prophylaxis 
be continued for at least three days after the procedure has been carried 
out. Where a focus of bacteremia persists, as at the site of an operative 
procedure, prolongation of the period of antimicrobial therapy is in 
order. 

In the case of dental extractions, bacteremia is more frequent and 
more intense after multiple extractions;?* for this reason single extrac- 
tions are probably preferable. When infection of the gums is prominent, 
pre-extraction treatment with penicillin can be expected to lessen the 
intensity of bacteremia at the time of operation. 

The use of antibiotics in the prevention of bacterial endocarditis has 
recently been reviewed in detail by Hook and Kaye.* They concur that 
prophylaxis with an appropriate antibiotic, in patients susceptible to 
bacterial endocarditis, is indicated. The following regimens are suggested 
as guidelines: for procedures (especially dental extractions) on the upper 
respiratory tract, in which penicillin-sensitive nonhemolytic streptococci 
are most apt to enter the blood stream, 600,000 units of procaine penicil- 
lin G should be given at least one hour prior to the procedure and repeated 
on the following three days. In patients who are sensitive to penicillin, 
0.25 gm. of erythromycin every six hours orally may be substituted; 
the drug should be begun two hours before the procedure, and continued 
for three days. 

In the case of genitourinary tract instrumentation and delivery, in 
which case enterococci or gram-negative rods are the most frequent 
infecting agents, 1.2 million units of procaine penicillin G plus 1 gm. of 
streptomycin should be administered one hour before the procedure and 
repeated every 12 hours for three days. Alternatively, tetracycline, 0.5 
gm. every six hours, may be given for three days. This same program may 
be applied in the case of intestinal tract manipulations. Finally, because 
of the increasing prevalence and devastating consequences of penicillin 
G-resistant staphylococcal infections after cardiac surgery, 4 to 8 gm. of 
methicillin should be administered parenterally for at least three days, 
beginning just prior to the operation. 


The Diagnosis and Treatment of Bacterial Endocarditis 1297 
SUMMARY 


In the past century, understanding of the etiology and pathology of 
bacterial endocarditis has progressed impressively. Until the advent of 
potent antimicrobial agents, effective treatment of the disease was lack- 
ing and the prognosis was essentially hopeless. The introduction of the 
sulfonamides marked the beginning of a new era in respect to the outlook 
in bacterial endocarditis, and the use of penicillin resulted in a high rate 
of cure in nonhemolytic streptococcal endocarditis. The emergence of 
penicillin-resistant staphylococci, and the increased incidence of endo- 
cardial infection due to gram-negative organisms and fungi, by-products 
of the antibiotic era and of the spectacular advances in cardiac surgery, 
have created new and often extremely difficult therapeutic problems. 

Prompt diagnosis, based on recovery of the causative organisms in 
blood cultures, coupled with utilization of special laboratory techniques 
for determination of drug sensitivity patterns and of serum antibiotic 
levels, should permit effective treatment in a majority of patients. 

The various antibiotic regimens, generally shown to be effective 
against the organisms most often implicated in infectious endocarditis, 
have been reviewed. Prophylaxis of bacterial endocarditis associated with 
dental extractions and other operative procedures has also been dis- 
cussed. 
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MoperN antistreptococcal therapeutics have been primarily directed 
toward the prevention of primary and recurrent rheumatic fever because 
of the serious nature of this sequel of streptococcal infection. During 
the past 15 years a wealth of evidence has been accumulated that treat- 
ment of streptococcal infections sufficient to eradicate this organism will 
prevent rheumatic fever.® 4 ** Furthermore, the high risk of recurrence 
of rheumatic fever in persons who are infected with group A streptococci 
subsequent to their primary rheumatic attacks has resulted in the vigor- 
ous promotion of programs of continuous chemoprophylaxis against 
streptococcal infection in rheumatic subjects." 4 A number of controlled 
studies attest the value of these programs in preventing recurrent rheu- 
matic fever and concomitantly rheumatic heart disease.*? 47 Thus, 
the recognition and adequate therapy of streptococcal infection and 
continuous antistreptococcal prophylaxis in rheumatic subjects provide 
means by which the problem of rheumatic heart disease may be attacked 
directly. 

The mortality from and severity of rheumatic fever have been declin- 
ing for several decades. A continuation or even acceleration of these 
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favorable trends has occurred during the time that antistreptococcal 
therapy and prophylaxis have been available.’ * ** 44 Rheumatic sub- 
jects have been observed through long periods of freedom from recurrent 
attacks and it has been suggested that continuous prophylaxis in all 
rheumatic subjects, especially those without evidence of heart disease, 
may not be necessary.!’ Streptococcal disease has been observed fre- 
quently among school-age children,” *:??7 *° but rheumatic fever 
rarely occurred in these populations. In view of the infrequency of the 
rheumatic sequel, the necessity of effective antibiotic therapy of all bac- 
teriologically identified streptococcal infections has been questioned.}®: 78 

The purpose of the first part of this discussion is to show that, despite 
favorable trends, appreciable numbers of cases of rheumatic fever still 
occur. These indicate that a sizable reservoir of undetected or imade- 
quately treated streptococcal infections is present. Therefore, at this 
time, emphasis should be placed on the accurate detection and effective 
treatment of these infections. In the second part, suggested modifications 
of current procedures for antistreptococcal therapy and prophylaxis will 
be examined. Evidence will be presented that these modifications are 
based on features of the natural history of streptococcal infections and 
rheumatic fever that are presently being studied and additional data 
must be obtained before changes in current therapeutic and prophylactic 
regimens may be accurately designed. 


EPIDEMIOLOGY OF RHEUMATIC FEVER AND 
RHEUMATIC HEART DISEASE 


Precise data on the incidence of rheumatic fever in specific areas of the 
United States as a whole are not available because it has only recently become 
a generally reported disease. Intensive surveys of small populations indicate 
that many cases are not reported. Data on mortality from rheumatic heart 
disease and the incidence of rheumatic heart disease are somewhat easier to 
obtain, and it is likely that an examination of these statistics which demonstrate 
a marked decrease in mortality and a more modest decrease in the incidence of 
rheumatic heart disease have been responsible for the general impression that 
rheumatic fever is a disappearing disease. The impressive decline in mortality 
from rheumatic fever in the most susceptible age group in the United States 
since 1920 is illustrated in Table 1. An even sharper decline is evident in mor- 
tality from heart disease. Although congenital cardiac disease is included in 
this category, heart disease consists mainly of rheumatic heart disease in this 
age group. 

Approximately 3 per cent of men examined for military service in World War I 
had evidence of heart disease, mainly rheumatic; in World. War IT inductees, a 
prevalence of rheumatic heart disease of 1.6 to 1.8 per cent was reported.?8: 55 
Surveys conducted by different observers on children of elementary school age 
in various parts of the United States during the past two decades have not 
shown a significant change in the prevalence of rheumatic heart disease. as 
illustrated in Table 2. The summarized studies were conducted by performing 
intensive cardiac examinations of all members of randomly selected samples of 
representative populations rather than by examining children referred to a 
cardiac study center from many sources without standard criteria. The latter 
method results in lower rates which in several surveys over the same period of 


Prevention of Primary and Recurrent Rheumatic Fever 1303 


Table 1. Mortality Rates for Rheumatic Fever 
and Heart Disease in Children Age 5-14 
in the United States* 


DEATHS PER 100,000 


YEAR 
Rheumatic Heart 

Fever Diseases 
1920 4.4 17.4 
1930 3.0 al 
1940 26 8.0 
1950 1.8 Pil 
1959 0.5 0.8 


* Modified from Stamler. *4 


time as those presented in Table 2 did not reveal a significant change in the 
prevalence of rheumatic heart disease. 

Evidence that the severity of rheumatic fever has decreased over the past 30 
to 40 years has been collected in several studies. *: 28 44 The study by Bland and 
Jones’ of 4 groups of 100 patients each, observed during the first year of the 4 
decades since 1920 in Boston, demonstrated a decrease in the incidence of 
valvular disease from 75 to 60 per cent and a decrease in marked cardiac enlarge- 
ment from 30 to 14 per cent. 

Most observers agree that there has been a decrease in the incidence of 
primary and recurrent rheumatic fever over the same period of time but no 
accurate methods have been found to measure this decrease retrospectively. A 
recent report" of an intensive study of the incidence of rheumatic fever in 
Minnesota provides excellent evidence that current attack rates of rheumatic 
fever are of much greater magnitude than is appreciated. Between 1950 and 
1954 Minnesota physicians reported an average of 187 cases of rheumatic fever 


Table 2. Prevalence of Rheumatic Heart Disease 


MAT: 
NUMBER RHEU. IC HEART 


YEAR LOCATION AGE GROUP jy axnep DISEASE RATE REMARKS 
PER 1000 
1939-41 Eureka, Calif. 5-18 2450 20 Northern Calif. (ref. 42) 
is Susanville, Calif. 5-18 732 11 Ref. 42 
se Redland, Calif. 5-14 2633 3.8 Southern Calif. (ref. 42) 
1944-45 Denver, Colorado 12-19 1845 16.3 Girls only (ref. 54) 
. Dublin, Georgia 11-14 401 10 Ref. 33 
1946-47 Rural Connecticut 11-15 1092 16 Ref. 31 
= Hartford ; 
€ Bridgeport >Conn. 11-15 1732 21.3 Large cities (ref. 31) 
< Waterbury 
1947-48 Ansonia ete 
ee Derby Conn. 7th and 8th 754 60 Crowded population in 
we Shelton grades poor housing (ref. 32) 
?1950 Colorado 6th grade jie base 6.7 rare schools 
ref, 
1950 Madison, Wisc. 7th grade 893 28 Ref. 34 
1957-58 Nashville, Tenn. 11-14 4039 25 Ref. 35 
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yearly to the Department of Health. A questionnaire survey to which 50 per 
cent of the physicians in the state responded revealed that in 1955 these physi- 
cians diagnosed and treated 2397 cases of acute rheumatic fever. A 13 per cent 
sample of these cases was studied in detail and 72 per cent of the diagnoses 
were found to satisfy the Jones criteria. Thus, 1650 acceptable cases of rheumatic 
fever were diagnosed. In 65 per cent of validated cases, carditis was detected 
clinically. A comparable sample of 16 per cent of the physicians who had not 
responded to the questionnaire was interviewed according to the same tech- 
niques employed in the sample studied in detail. From this sample it was esti- 
mated that another 1000 cases of rheumatic fever had been treated by physicians 
that had not responded to the questionnaire. Thus, a total of approximately 
2600 cases of rheumatic fever were seen by physicians in Minnesota (population 
3.19 million) during this year. About 85 per cent of these were initial attacks. 
This is in striking contrast to the average of 187 cases reported during the 
preceding 5 years and probably represents a much more accurate indication of 
the true incidence of rheumatic fever in this state. An extrapolation from these 
figures indicates that more than 100,000 persons had experienced untreated or 
inadequately treated streptococcal infections during this time. Another report 
from the heart disease control group in Chicago reveals that over 500 cases of 
rheumatic fever occur yearly in this city of which more than 300 are primary 
attacks.“ 

Sizable local outbreaks of rheumatic fever are not passé. In a community of 
about 10,000 inhabitants in North Dakota during an interval of approximately 
11 weeks in the spring of 1961, 18 cases of rheumatic fever were diagnosed ;” 
11 cases occurred in children attending the first 11 school grades. Although the 
streptococcal disease rate could not be determined, a retrospective survey of a 
sample of school children demonstrated that 40 per cent harbored group A 
streptococci of which 80 per cent were typable (types 5 and 12 were prevalent). 
Antistreptolysin determinations on sera from these school children showed that 
about 50 per cent had titers greater than 200, indicating that they had probably 
recently experienced streptococcal infection. Many of the children had received 
inadequate antibiotic therapy of 3 to 5 days’ duration for their streptococcal 
infections, including some of those who developed rheumatic fever. 


These epidemiological data are presented to demonstrate that despite 
favorable trends in the mortality and severity of acute rheumatic fever 
and rheumatic heart disease, their incidence has not been accurately 
determined and may be considerably larger than is appreciated. The 
control of acute rheumatic fever and its cardiac sequelae is still a major 
problem, necessitating improved case finding and effective therapy 
rather than a complacent attitude insecurely based on present progress. 


PREVENTION OF RHEUMATIC FEVER 


Soon after the introduction of penicillin and the demonstration that 
treatment of streptococcal infections for ten days would eradicate 
streptococci from the oropharynx, the important observation was made 
that this therapy prevented the subsequent development of acute 
rheumatic fever. The extensive controlled studies of Rammelkamp and 
associates* at the Streptococcal Disease Laboratory clearly demon- 
strated that penicillin therapy that eliminated the streptococcus pre- 
vented rheumatic fever in more than 98 per cent of patients. Other 


Prevention of Primary and Recurrent Rheumatic Fever 1305 


studies? begun during World War II in groups of patients who had 
experienced an initial rheumatic attack demonstrated that chemoprophy- 
laxis adequate to prevent acquisition of streptococci would prevent 
recurrences of rheumatic fever. Continuation of these studies during the 
past 10 to 15 years at centers for the care of children with rheumatic 
fever have shown the remarkable effectiveness of penicillin and sulfona- 
mides in keeping these children free from recurrent rheumatic disease.'8: 26 
These effective measures have been widely publicized by the American 
Heart Association and other professional organizations to foster the 
prevention of initial’: * and repeated attacks of rheumatic fever through- 
out the United States. The 1960 recommendations" are summarized in 
the following schedule: 


A. Treatment of streptococcal infections. 

1. Benzathine penicillin. 
One injection of 900,000 to 1,200,000 units in adolescents and adults. 
One injection of 600,000 to 900,000 units in children. 

2. Procaine penicillin with 2 per cent aluminum monostearate in oil. 
One injection of 600,000 units every 3 days for 3 doses in adults. 
One injection of 300,000 units every 3 days for 3 doses in children. 

3. Oral penicillin. 
200,000 or 250,000 unit tablets 3 times daily for 10 days in children, 
and adults. 


B. Prevention of streptococcal infection. 

1. Benzathine penicillin. 
One injection of 1,200,000 units each month. 

2. Oral sulfonamide such as sulfadiazine or sulfisoxazole. 
0.5 gm. a day in children under 60 pounds every day. 
1.0 gm. a day in older children and adults every day. 

3. Oral penicillin. 
200,000 units twice daily continuously. 


In spite of the efficacy of the measures for antistreptococcal therapy 
and prophylaxis and the wide dissemination of this information, primary 
and recurrent rheumatic fever and rheumatic heart disease continue to 
occur as illustrated in the first section of this discussion. What are the 
reasons for their persistence? 


Factors Responsible for the Continuing Occurrence of Rheumatic 
Fever 

A group A streptococcal infection always initiates a rheumatic attack. 
Failure to recognize this antecedent infection or inadequate therapy of 
the infection is responsible for failures in preventing rheumatic fever. 
Retrospective analyses of the records of hundreds of rheumatic patients 
have produced unequivocal evidence of these facts. °°. °° ; 

There is at present no good economical substitute for the bacteriologi- 
cal culture method for the recognition of hemolytic group A streptococci, 
and the ease with which this technique may be practiced or the service 
obtained by all physicians makes its general use obligatory. 
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An Orrice Cuurure Mstxop ror IpentiryInc Group A STREPTOCOCCI. 
Many physicians have set up modest office bacteriological laboratories to 
identify streptococcal illnesses in their practice. They have obtained a small 
incubator, sterile swabs and commercially prepared, disposable blood agar 
plates which are available at a total cost per patient of about 65 cents from 
many medical supply houses. After refreshing their memory with several visits 
to a good diagnostic bacteriology laboratory, they are able to inoculate and 
interpret their own culture plates. In taking cultures, to obtain best results, 
the swab should be firmly rubbed over both tonsillar areas and the posterior 
pharyngeal wall. A blood agar plate should be inoculated within one hour by 
rubbing the swab with a rolling motion over a small area of the agar surface. 
For house calls, several plates in the physician’s bag make this a simple pro- 
cedure. Before incubation, material from the inoculated area of the plate should 
be spread on the surface of the agar with a bacteriological loop to obtain isolated 
colonies. Stabbing into the agar with the loop provides adequate subsurface 
growth necessary to detect some hemolytic streptococci that produce better 
hemolysis under reduced oxygen tension. Plates containing 5 per cent sheep 
blood provide the best results. These plates may be stored in the refrigerator in 
plastic bags for 3 or 4 weeks without deterioration. Group A streptococci 
produce clear-zone hemolysis, easily differentiated from the greenish, incomplete 
hemolysis that characterizes viridans streptococci on sheep blood agar. 


A physician finding group A streptococci in the throat or nasopharynx of 
a patient with a sore throat or other upper respiratory infection should pre- 
scribe chemotherapy that will eradicate these organisms. 

Risk Factors. Evidence to support the above general statement may 
be obtained by considering the risk of developing rheumatic fever in 
relation to the stages or manifestations of streptococcal parasitism as 
outlined below. 

1. Sore Throat or Respiratory Illness with Streptococcal Parasitism: 
RIsK OF RHEUMATIC FEVER 0. The patient in this category represents 
a problem in recognition for the physician. The presence of group A 
streptococci on culture concurrent with symptoms indicates that he 
may have a streptococcal infection, and only a series of at least two 
determinations of a streptococcal antibody (antistreptolysin O, anti- 
hyaluronidase, antistreptokinase, etc.) at intervals of a minimum of 10 
days showing no rise in titer can identify a patient in this category 
accurately.*® This is rarely practicable. Therefore, because of the risk 
that he may have a streptococcal infection, it is reeommended that this 
patient receive one of the designated courses of antistreptococcal therapy. 

2. Asymptomatic Streptococcal Parasitism: RisK OF RHEUMATIC FEVER 
0. Implantation of streptococci usually on the mucous membrane of the 
nasopharynx is the initial event after exposure to these organisms. A 
culture demonstrating group A streptococci is evidence of this event. 
If the exposure is minimal or some degree of antistreptococcal immunity 
is present, this is a transient stage** * but a person parasitized in this 
manner may be able to transmit streptococci to others more susceptible. 
If he is found by bacteriological culture and not precisely identified by 
absent antibody increase, he should be given antistreptococcal therapy. 


The only benefit would be his removal as a potential transmitter of 
streptococci. 
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3. Streptococcal Infection Without Overt Illness: Risk OF RHEUMATIC 
FEVER 1. This patient is almost never recognized. Only intensive 
surveillance of patients who have had a primary attack of rheumatic 
fever have made it possible to identify such persons by multiple cultures 
and routine serial antibody determinations.‘® A rise in antibody titer 
represents the only evidence of streptococcal infection in these subjects. 
They develop recurrences of rheumatic fever!’ and probably comprise 
most of the patients in whom rheumatic fever appears without an overt 
related respiratory illness.?° °° If by good fortune this patient is identified 
by antibody determinations after a culture survey or as a result of a 
clinically recognizable streptococcal illness in a sibling or other close 
contact, he should have antistreptococcal therapy. Even though treat- 
ment may be late, there is evidence that delayed therapy will still reduce 
the risk of subsequent rheumatic fever.® 

4. Streptococcal Infection with Nonexudative Sore Throat or Respiratory 
Illness: Risk OF RHEUMATIC FEVER 1. Clinically this patient cannot be 
distinguished from the patients in category one. He can only be identified 
by a positive culture and by demonstrating a rise in streptococcal anti- 
body in serial determinations.‘’ Although the risk that this patient will 
develop rheumatic fever cannot be estimated at this time, it is definite 
and the serious nature of this sequel and the inability to predict the 
likelihood of subsequent rheumatic heart disease provide a firm basis 
for recommending antistreptococcal therapy. 

5. Haudatwe Streptococcal Pharyngitis: RisK OF RHEUMATIC FEVER 2, 
This is the classic form of streptococcal infection. In addition to the 
pharyngeal exudate, these patients often have dysphagia, fever, cervical 
adentis and leukocytosis. The finding of group A hemolytic streptococci 
in the throats of patients with exudative pharyngitis or tonsillitis pro- 
vides the most easily obtained evidence of a streptococcal illness. Studies 
of military populations experiencing epidemic and nonepidemic strep- 
tococeal infections using these features as major criteria for diagnosis 
have consistently demonstrated that approximately 3 per cent of un- 
treated patients in this group will develop acute rheumatic fever.*’ 
Almost all of these patients demonstrate a rise in serum streptococcal 
antibody titer and many are persistent oropharyngeal streptococcal 
carriers.” 

Studies in civilian populations have not generally used exudative 
streptococcal pharyngitis as a criterion of a streptococcal illness so that 
comparison of rates of rheumatic fever among civilians cannot be made. 
However, in a study of Chicago children with pharyngitis,“ the rheu- 
matic fever rate based on the presence of streptococcal exudative pharyn- 
gitis, antibody increase and persistent streptococcal carriage was 2.5 
per cent. Since only two cases of rheumatic fever occurred in these 
children, this rate is not of high statistical significance. It is quite possible 
that the streptococcal illnesses described in this category represent either 
more intensive streptococcal exposure or more intensive host response, 
which may provide a greater stimulus for rheumatic inflammation. 
Patients with exudative pharyngitis of virus etiology who are transient 
group A streptococcal carriers may be confused with patients in this 
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category. The absence of a streptococcal antibody rise will identify them. 

6. Exudative Streptococcal Pharyngitis with Intensive Antibody Re- 
sponse: RisK OF RHEUMATIC FEVER 3. Stetson” studied the immune 
response measured as the increase in titer of streptolysin O antibody in 
more than 1900 young airmen after exudative streptococcal pharyn- 
gitis. His analysis indicated that a small increase in antistreptolysin O 
titer was associated with a low attack rate for rheumatic fever, and that 
the attack rate increased proportionately in groups of patients showing 
progressively higher antibody responses. The group showing an increase 
in antistreptolysin O titer of more than 250 units had an attack rate of 
5.5 per cent. 

These variations summarize the natural history of streptococcal 
infections and indicate the variability in the occurrence of rheumatic fever 
in different forms of streptococcal parasitism. The numerical values of 
risk have no precise relationship but are only estimates based on in- 
complete data. The study of Chicago children with sore throats reported 
by Siegel, Johnson and Stollerman*® illustrates the variation in the 
rheumatic fever attack rate according to the form of streptococcal 
parasitism or infection. Data taken from this investigation are sum- 
marized in Table 3 to show this variation and the association of these 
figures with some of the categories of risk that have been discussed. 
Asymptomatic streptococcal illnesses (category 3) were not included in 
this study but there is good evidence that rheumatic fever may be 
initiated by an unrecognized streptococcal infection. Several investiga- 
tors: 2°. °° report that from 23 to 40 per cent of patients seen in recent 
years after primary rheumatic fever did not have an evident antecedent 
pharyngitis. 

From consideration of these characteristics of streptococcal parasitism 
and disease, it is apparent that the problem of identification of strepto- 
coccal illness carrying any risk of rheumatic fever is not easy. This is 
especially true in young children who commonly have atypical or mild 
streptococcal illnesses.*° An important tool, streptococcal antibody 
determination, is generally not available to physicians as a diagnostic 
aid and under ideal circumstances a streptococcal antibody increase may 


Table 3. Variations in Attack Rate of Rheumatic Fever* 
= ee ee ee eee 


NUMBER OF TMé 
STREPTOCOCCAL CRITERIA llere aad arp eta SITY See, 
PATIENTS ATTACK RATE (%) 


TTT ee SSSSSSSSSSSSSSSSSSSSSSSSFMSMMseseseseseFee 


1. Pharyngitis with positive throat cul- 519 0.4 1 and 4 
ture for group A streptococci 

2. Pharyngitis, positive culture and 228 0.9 4 
ASO titer rise 

3. Exudative pharyngitis and positive 186 1.0 5 and 1 
culture 

4. Exudative pharyngitis, positive cul- 81 220 5 


ture, ASO titer rise and persistent 
streptococcal carriage 


* Data modified from Siegel et al.‘ 
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not be found in time for diagnosis and effective therapy before the onset 
of the rheumatic attack. Because of the difficulty in recognizing strepto- 
coccal infections by clinical examination, physicians must make use of 
methods for culturing group A hemolytic streptococci to increase diag- 
nostic accuracy. Patients with respiratory infection or sore throat must be 
“sold” on the need to consult a physician. If they have positive cultures, 
they should receive proper antistreptococcal therapy even though in 
some instances these conservative criteria for treatment will include 
some persons who are carriers with superimposed nonstreptococcal 
illnesses. Techniques are not available to detect silent streptococcal 
infections which may initiate rheumatic fever so that present efforts to 
reduce the prevalence of rheumatic fever must be concentrated on detec- 
tion and effective treatment of recognized and bacteriologically con- 
firmed streptococcal infections. 


Prevention of Recurrent Rheumatic Fever 


Today approximately 98 per cent of patients survive their initial 
attack of rheumatic fever.2! Seventy to 75 per cent of these patients suffer 
no permanent detectable cardiac injury;!* *! nevertheless, the threat to 
life and cardiac function does not end when the rheumatic attack is 
over.” +: *! Instead of acquiring some degree of immunity to future 
attacks, the rheumatic subject is more susceptible than originally. 
Long-term, intensive studies of patients who have had rheumatic fever 
have provided data describing the natural history of recurrent rheu- 
matic fever. Because these details are important in formulating the most 
efficient program for preventing recurrent rheumatic fever and _per- 
manent heart disease, they will be briefly reviewed. 

Cumulative rheumatic fever recurrence rates vary considerably in 
different reports depending on the criteria employed to define recur- 
rences and on the duration of observation. Before the use of chemo- 
prophylaxis, recurrence rates averaged greater than 50 per cent in two 
groups observed for ten years.2» 4 A comparable rate in the Cooperative 
Study patients on prophylaxis observed for five years was 14 per cent.” 
It was found in another investigation that rheumatic recurrences oc- 
curred as frequently as 24 per cent of instances after “break-through” 
streptococcal infections in patients on oral penicillin prophylaxis.*° 
These figures indicate that the management of repetitive attacks is a 
continuing problem. 

It has been demonstrated, when complete clinical, bacteriological and 
serological tests are performed, that recurrent rheumatic fever can be 
initiated only by group A streptococcal infection. The type of infection 
may vary from subclinical to classic exudative pharyngitis; indeed, many 
recurrences follow clinically undetectable infections.” 26 The risk of 
repeated attacks is greater during the first three years after the initial 
attack and then continues at a lower rate for many years.‘” Repetitive 
attacks in patients with heart disease usually produce more cardiac 
damage and recurrences in patients with marked valvulitis, cardiac 
enlargement or congestive failure carry a poor prognosis.'® *! It is 
evident that these features of recurrent rheumatic fever make it impera- 
tive that all opportunity for streptococcal infection be avoided by con- 
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tinuous prophylaxis. In contrast, patients without primary cardiac 
involvement are much less likely to develop subsequent heart disease.°: oe 
If it can be firmly predicted that patients without carditis during their 
initial rheumatic illness will remain free of carditis if recurrences occur, 
it is probable that these persons will require only limited prophylaxis. 
Data describing the subsequent cardiac history of patients who have had 
different forms of primary rheumatic attacks have been collected for 
many years. These data will be examined to find out if the diverse 
patterns of rheumatic fever have a constancy of prognosis that will 
permit modifications of prophylactic measures without undue risk of 
rheumatic heart disease. 

Long-term studies: 4 conducted before streptococcal prophylaxis was 
possible, as exemplified by the reports of Ash and Bland and Jones, 
revealed that patients who had experienced rheumatic fever could be 
divided into four groups: those who developed carditis during their 
primary attack, demonstrated cardiac involvement after recovery and 
had rheumatic heart disease at follow-up examination; those with carditis 
and cardiac damage whose heart disease had later regressed; those who 
did not have carditis during the primary attack and did not develop 
heart disease thereafter; and those free of carditis in the initial stage who 
subsequently developed heart disease (designated emergent heart dis- 
ease in Table 4). The natural history of rheumatic heart disease, which is 
in essence the distribution of patients in these groups, is illustrated in 
Table 4. In this table the studies of Ash and Bland and Jones conducted 
in the pre-prophylaxis area are compared with the Cooperative Rheu- 
matic Fever Study and with the investigation of Feinstein et al. of 
patients maintained on chemoprophylaxis after their initial rheumatic 
attack. Although these studies conducted at different times are not 
precisely comparable, they do illustrate differences of a degree that are 
probably significant. 


Table 4. Natural History of Rheumatic Heart Disease 


AUTHORS 


‘Ash? Bland and Cooperative Feinstein 


Jones* Study® et al.19 
Totals pa Ciena Ge) tacn els eae eee eee ee 537 1000 324 370 
beans: Ol OSeinia (Olt 10 10 5 ee 
Prophylaxis after first attack...°....... - - + + 
Per cent of total patients with: 

Carditis\at onset eee aaa 59 65 68 51 
Heart disease at follow-up.......... 53 58 28 24 
Regression of heart disease......... 6 7 40 Die 

INovcarditis lati onset.) eerie nee 41 DO 32 49 
No heart disease at follow-up....... 31 27 29 49 
Emergent heart disease............ 10 8 3 0 


ee ee ee eee 


Average. 


Prevention of Primary and Recurrent Rheumatic Fever 1311 


All of these observers state that recurrent attacks of rheumatic fever in 
patients with rheumatic heart disease maintain or cause further cardiac damage. 
Precise figures to illustrate this point are not presented by Ash and Bland or 
in the Cooperative Study. Feinstein and Spagnuolo!” reported that 70 per cent 
of patients with prior carditis had clinical evidence of additional cardiac involve- 
ment during a recurrent attack. Taranta®® observed that patients with heart 
disease are more likely to develop recurrences after a streptococcal infection 
and stated that this risk is directly proportional to the degree of existing heart 
disease and to the number of previous rheumatic attacks. 

As indicated in Table 4, most of the patients observed during the pre-prophy- 
laxis period who developed carditis during their primary rheumatic attack had 
heart disease at the follow-up examination, whereas half of the patients on 
continuous prophylaxis who had carditis initially were free of heart disease at 
follow-up. The probability of regression of heart disease was 5 to 6 times greater 
in the patients on prophylaxis. It is likely that the prevention of recurrences by 
continuous prophylaxis against streptococcal infections was a major factor 
responsible for the significantly lower prevalence of heart disease in patients 
given preventive medication. The high risk of recurrence and the probability of 
increased cardiac involvement with repeated rheumatic attacks provide unqual- 
ified justification for continuous antistreptococcal prophylaxis of unlimited 
duration in these patients. 


Another recorded feature of the natural history of rheumatic heart 
disease is the development of cardiac involvement after the primary 
rheumatic attack in patients with no evidence of carditis initially (emer- 
gent heart disease in Table 4). This is not a frequent finding? * *! and 
some observers have reported that heart disease does not appear in 
subsequent years in patients free of cardiac involvement during primary 
rheumatic fever.®: 17 


Feinstein and colleagues,!* after observing 370 patients on continuous prophy- 
laxis for an average of 7.2 years, have reported on the constancy of the clinical 
characteristics of rheumatic fever in this group. Approximately one-half of these 
patients did not have carditis with their primary attack and none of these 
patients demonstrated carditis with recurrences (column 4, Table 4). In a later 
report,!6 27 patients without previous carditis were described who had recurrent 
attacks; only two of these patients had carditis (pericarditis only), and they 
recovered without evident residual heart disease. 

In the Cooperative Study Group which received continuous prophylaxis after 
primary rheumatic fever, a few rheumatic recurrences occurred but were not 
associated with emergent heart disease (column 3, Table 4). In contrast, Bland 
and Jones and Ash report that 8 to 10 per cent of patients developed heart 
disease (emergent heart disease) even though they did not have carditis during 
their primary rheumatic illness (columns 1 and 2, Table 4). Ash? reported that 
82 per cent of cases of emergent heart disease appeared during rheumatic 
recurrences. Bland and Jones? also stated that the “delayed appearance of heart 
disease was clearly associated with co-existing signs of rheumatic fever in two 
thirds of the group” with emergent heart disease. Rammelkamp** described 11 
young military recruits with a childhood history of rheumatic fever or chorea. 
These men were observed daily during an attack of rheumatic fever and did 
not have heart murmurs. Subsequently, three developed valvular heart disease, 
one during an observed rheumatic recurrence. 
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A possible explanation for the discrepancy between the findings of 
Feinstein and the other observers is that the group of patients that did 
not develop emergent heart disease received continuous antistreptococcal 
prophylaxis which greatly decreased the intensity and frequency of 
streptococcal parasitism or infection for them. An example of the inten- 
sity of this challenge in the absence of prophylaxis was presented by 
Coburn and Moore in 1940.1° They compared the incidence of strepto- 
coccal infections and rheumatic recurrences in a group of 17 rheumatic 
children during three successive years. In 1937 while they were receiving 
continuous sulfonamide prophylaxis no infections and no recurrences 
occurred. In 1938 and 1939 without prophylaxis there were 15 identified 
streptococcal infections and 11 rheumatic attacks in this group. 

It is likely that the very low rate of emergent heart disease in the 
Cooperative Study Group and the complete freedom from heart diesase 
in all of the patients initially free of carditis followed by Feinstein is a 
new and artificial feature of the natural history of rheumatic fever 
resulting from continuous antistreptococcal prophylaxis. Therefore, it 
would be misleading to propose limited or interrupted prophylaxis for 
patients in this category after they had been selected by this technique. 

After recovery from rheumatic fever without carditis, patients should 
receive continuous prophylaxis until the opportunity for acquisition of 
group A streptococci in their environment is minimal. This means 
through childhood, adolescence and parenthood. The ‘‘find and treat’ 
approach for controlling streptococcal infection is too hazardous, espe- 
cially in socio-economic groups of high streptococcal prevalence, to be a 
satisfactory substitute for prophylaxis. 

Studies have clearly demonstrated that continuous parenteral ben- 
zathine penicillin given at monthly intervals is the best method of 
prophylaxis.** 4° Sulfonamides and oral penicillin, even when they are 
taken faithfully, are not as effective as injected depot penicillin.*é 
Sulfadiazine in controlled studies appears to be slightly more effective 
than oral penicillin.*® 

Preventive antistreptococcal medication is expensive and sometimes a 
medical or psychological hazard. Yet, the ubiquity of group A strepto- 
cocci and the failure of patients to seek medical care because of the 
subtlety of streptococcal infections make continuous prophylaxis the 
only no-risk method for the prevention of recurrent rheumatic fever at 
this time. 
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BACTERIAL GASTROENTERITIS remains a significant cause of death in 
countries with underdeveloped public health and sanitation facilities. 
In the United States, and in other countries with reasonably adequate 
public health standards, death resulting from bacterial gastroenteritis 
is infrequent.** The morbidity produced by bacterial diarrheas is un- 
known since patients with diarrhea may not seek medical attention or, 
if they do, may be treated without benefit of stool culture. The memory 
for short-lived episodes of diarrhea is faulty. Retrospective surveys 
demonstrated an incidence of diarrhea of 5 to 10 per cent per year 
whereas on careful prospective study, especially in rural areas, the 
incidence increased to 20 to 60 per cent per year.” The percentage of 
attacks of diarrhea which have a bacterial origin ranges from less than 
1 per cent in urban to 30 per cent in rural areas. In 1961, 12,500 cases of 
shigellosis, representing a probable reservoir of 125,000 cases and car- 
riers, were recorded. These findings emphasize the frequency with which 
bacterial diarrhea may be encountered. 

The role of antibiotics in decreasing mortality due to bacterial gastro- 
enteritis is relatively minimal. In 1950-1955 the death rate due to bac- 
terial gastroenteritis in the United States was 2 per 100,000 population. 
These figures contrast sharply with the 400 deaths per 100,000 population 
recorded in 1870, a rate still prevalent in underdeveloped countries. 
Most of the improvement in mortality resulted from improved sanitation 
and public health facilities and the use of parenteral fluid therapy. 
By 1935, before the use of antibiotic agents, the death rate in this country 
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had dropped to 10 per 100,000 population. Thus, the overall importance 
of adequate sanitation and public health facilities in the prevention of 
bacterial gastroenteritis must be recognized. 


PATHOGENESIS OF BACTERIAL DIARRHEA 


The exact mechanism whereby bacteria produce bowel infection is unknown. 
Variation in virulence of organisms plays a role in the establishment of infection. 
For example, feeding experiments in man demonstrated that for Salmonella 
pullorum one billion organisms were required to induce disease; Salmonella 
newport, however, produced diarrhea when only 200,000 organisms were fed." uu 
Similarity between bacterial and host antigen may be a factor in determining 
virulence. An antigenic relationship between Salmonella typhimurium and the 
host caused increased virulence in animal experiments.** Antibiotic therapy 
alters the normal flora of the gut and predisposes to establishment of infec- 
tion.!®. 26 28 Decreased gastric acidity, especially following gastrectomy, allows 
more organisms to pass into the small intestine. The establishment of a bacterial 
flora in the normally sterile small bowel does not, in itself, cause diarrhea.” *8 
Thus, patients with hepatic cirrhosis have increases in their small intestinal 
bacterial contents without consequent diarrhea.* Multiplication of pathogenic 
organisms in the small intestine is needed for the production of diarrhea. That 
bacterial diarrhea is a disease primarily of the small intestine is demonstrated 
further by the failure of pathogens placed in the colon either to multiply or to 
produce diarrhea.”* Pathologic studies confirm that colonic involvement is a late 
event in the course of the disease. Stasis of bowel contents experimentally 
produced by mechanical obstruction, opium administration or anticholinergic 
agents favors establishment of disease when bacterial pathogens are introduced.” 
Such experiments correlate well with findings that bacterial disease occurs more 
often in areas of relative stasis such as terminal ileum and above obstructing 
lesions.® °° These observations support the doubts expressed concerning the use 
of stasis-producing drugs in bacterial diarrhea.” 

Detailed information concerning mechanisms of production of diarrhea in 
bacterial gastroenteritis is lacking. Normally, large quantities of fluid pass into 
the gut lumen and are reabsorbed.” The numerous bacteria and bacterial and 
tissue metabolic products may be a significant osmotic load producing increased 
transfer of fluid into the lumen and decreased flux back from the lumen. Inflam- 
mation may increase fluid exudation and functional mucosal disruption from 
bacterial invasion may affect absorptive mechanisms. In the most severe forms 
of diarrhea, daily fluid losses may approach the amount of fluid which normally 
enters the gut. Losses as high as 50 per cent of total body water are recorded. 
Usually, however, losses are much smaller and the ability to reabsorb fluid even 
during gastroenteritis continues. 

Derangements of motility may contribute to the diarrhea. Certainly rapid 
transit time allows less insorption. Whether rapid transit occurs because of an 
irritative effect on motor function or whether it is a normal response to con- 
tinued distention produced by increased luminal fluid volume is unknown. In 
chronic nonbacterial diarrheas colonic manometric studies have demonstrated 
that contractions are greater in amplitude but less in frequency. Segmenting 
waves, which normally slow passage of contents, may be absent and liquid 
stool Is forced into the rectum without the usual decrease in water content. 
Thus, in chronic diarrheal states the large intestine shows a basic pattern of 
atony. These observations may explain the failure of anticholinergics since these 
agents inhibit contractions and thus increase decompensation. Fluid passes 
through the atonic colon readily, causing continued rectal stimulation. Recum- 
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beney decreases the urge to defecate by keeping the rectum free of gravity 
drainage." Similar motility studies in acute bacterial diarrhea are unavailable. 


RECOGNITION OF BACTERIAL DIARRHEA 


The only accurate means of differentiating bacterial from viral diarrhea 
is by bacteriologic examination of the stool.” Viral diarrhea usually is 
accompanied by mild constitutional signs, loose watery stools not con- 
taining blood or mucus, and a self-limited course of three to five days’ 
duration. In bacterial diarrhea the constitutional response may be more 
severe, the stools mucoid or bloody, and the course prolonged or marked 
by complications, but most often bacterial and viral diarrheas are clini- 
cally indistinguishable. Stool culture should be performed in every in- 
stance of diarrhea to increase diagnostic accuracy. In certain situations 
such study is even more obviously indicated. These include family, 
institutional or community outbreaks, diarrhea persisting over 48 to 72 
hours, bloody or mucoid stools, a clinical course of increased severity 
with a fecal-fluid loss of 1000 ce. or more per day, diarrhea in a postopera- 
tive patient or in one being treated with antibiotics, diarrhea in patients 
with gastrectomies, etc.®? Although many such selective criteria exist, 
the failure to study stools in the absence of these criteria results in 
missed diagnoses. 


A Gram stain of mucus or debris-containing fluid portion of stool is an aid in 
diagnosis when leukocytes are present or specific organisms are found. Leuko- 
cytes usually indicate the diarrhea is of bacterial origin. In staphylococcal 
enterocolitis large numbers of gram-positive cocci in grapelike clusters may be 
seen. The finding of gram-negative, comma-shaped, slender rods indicates that 
cholera is present. Stool smear thus strengthens the suspicion that diarrhea is 
bacterial in origin and may be diagnostic in the instances referred to above, but 
in all cases stool culture should be performed. Stools sampled within 2 hours of 
passage offer the best chance of demonstrating bacterial pathogens.*! Even 
under ideal circumstances, however, only 85 per cent of cultures will demon- 
strate the causative pathogens.“ Samples should include any cellular debris or 
mucus shreds. If the sample cannot be placed in culture media within 2 hours, 
1 gram of fresh material should be emulsified in 10 cc. of 30 per cent glycerol 
saline solution (Table 1). In this solution organisms are stable for 5 to 7 days 
at 20° C. Pathogenic organisms will not survive if multiplication of nonpatho- 
genic, rapid acid-producing bacteria occurs. The solution then turns from pink 
to yellow indicating that the specimen is unsuitable for identification of patho- 


Table 1. Sach’s Solution * 


(Giyceno leaner erie a cr Seen ans s nee Mane 30 ce. 
Sultan OnlkonCls ee cones peer aon ean ne sear 0.42 gm. 
Dipotassium phosphate (anhydrous)......... 0.31 gm. 
Monopotassium phosphate (anhydrous)...... 0.1 gm. 
Distal gweice tyrone novtkore beast ter eweuces apeencinuer sens AOkec: 


Add phenol-red solution to give a pink color. Sterilize 
at 120° C for 15 minutes; pH should be 8. If color changes 
from pink to yellow, the solution should be discarded. 
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genic bacteria. Specimens may be mailed if they are placed in a well padded, 
waterproof container* and marked as a bacteriologic specimen. Pathogens 
usually are nonlactose fermenters, but this criterion is not absolutely reliable. 
The differentiation of pathogenic organisms by ordinary bacteriologic methods 
is sometimes difficult and tests for complete identification take two to five days. 
It may be necessary to begin therapy before the organism is identified. Antibiotic 
treatment should not be started until specimens for culture have been obtained. 


MAJOR NONBACTERIAL COMPLICATIONS 


Certain life-threatening complications of gastroenteritis are not di- 
rectly related to the specific bacterial agent involved and are not treated 
by chemotherapeutic drugs. These complications include dehydration, 
shock, renal insufficiency and endotoxin shock. 

Deuypration. Daily losses of up to 17 liters of fluid may produce 
prostration within hours in choleriform illnesses. Studies in epidemic 
cholera, the archetype of severe, dehydrating bacterial enteritis, illustrate 
the problems involved.*!: 7 Table 2 shows fluid and electrolyte losses in 
cholera. Stool electrolyte concentration varies directly with volume, but 
fluid usually is lost in excess of salt. Since dehydration may cause death 
within hours, rapid, quantitative evaluation of the degree of dehydration 
is required for proper therapy. Decreased skin turgor, decreased eye 
globe tension, absence of sweating, and extreme thirst are clinical 
manifestations of dehydration. Elevations in the hematocrit and in 
serum sodium and protein concentrations are used to evaluate dehydra- 
tion (Table 3). These values are deceptive, however, if sodium has been 
lost in large amounts, if the patient is bleeding or is anemic, and in 
malnourished individuals. The clinical status may deteriorate so rapidly 
in fatal dehydration that changes in these blood values may not be 
appreciated. Whole blood specific gravity (normal = 1.057) correlates 
best with clinical developments. Graded copper sulfate solutions for 
determining blood specific gravity are easy to make, remain stable 
indefinitely, and provide an accurate and rapid means of assessing severe 
dehydration.*® The method follows. 


Determination of Specific Gravity of Whole Blood by the CuSO; Method 


1. Venous blood is collected without stasis into heparin at a ratio of 0.2 mg. heparin 
per cc. of whole blood. 


Table 2. Stool Composition in Cholera “! 
es SS OE SS ee 


CLINICAL SEVERITY VOLUME/24 HRS. Na (mEq./L.) K (mEq./L.) HCO; (mEq. /L.) 


Sa EEE Eee 
> 3 liters daily 7000 ce. 104 20 34 
< 3 liters daily 992 ce. 79 26 15 


Adapted from Tables 4 and 5, reference cited. 


F 4 poe cases may be obtained from the Arthur H. Thomas Company, Phila- 
elphia. 
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Table 3. Cholera: Blood Values During Therapy in Severe Group 
(> 3 Liters Stool Daily)” 
AS ee ee ee eee 
CO, WHOLE BLOOD 


OSMOLARITY 
(mOsm /L.) 


eee 


WHOLE BLOOD 


CLINICAL STATUS HEMATOCRIT (%) SPECIFIC GRAVITY (mEq. /L.) 


NCINTSSIONMe eee 54.4 1.067 18.1 361 
Rehydraition ss eee 47.6 1.054 18.5 346 
IN Gee tehOU rare eee 34.4 1.049 23 .0 346 
Convalescence.......... 36.2 1.050 28.0 315 
INormalicaseeen ee... 40-44 1.056-1.058 25-30 300-320 


Adapted from Table 2, reference cited. 


iw) 


. A series of standard copper sulfate solutions is made: 

(a) Four pounds of CuSO,-5HOH is placed in a 4 liter volumetric flask. 

(b) 2.5 liters of distilled water are added. 

(ce) Solution is agitated for 5 minutes at 20° C. 

(d) Solution is decanted and filtered through glass wool. 

(e) 488 ec. of this solution diluted to 1 liter gives a solution with specific gravity 
1.100. 

(f) A volume of the 1.100 solution is measured into a 100 cc. volumetric flask, 
less by 1 ml. than the value of the second and third decimal points of the 
specific gravity desired, viz., for a 1.055 solution 54 cc. would be diluted to 
100 ce. 

(g) A series of dilutions at 0.002 intervals should be made from 1.035 to 1.075. 

3. Drop of whole blood is dropped from a 1 em. height by medicine dropper. 
4. Drop is observed during the 10 seconds following loss of momentum. 
(a) If drop rises, its specific gravity is less than test solution. 
(b) If drop falls, its specific gravity is greater than test solution. 
(c) If drop remains motionless, its specific gravity is the same as the test solution. 
Motion of the blood drop after 10 seconds following loss of momentum has no 
significance, as the specific gravity changes with formation of copper proteinate at 
the interface. 


Suocx. The major cause of shock in gastroenteritis is severe dehy- 
dration. In a cholera epidemic 30 per cent of the patients were in shock 
when first seen.*! Correction of dehydration obviated the need for pressor 
agents, blood transfusion, dextran, plasma or serum albumin. Blood 
loss ordinarily is not a factor. Occasionally, however, mucosal necrosis is 
severe enough to cause bleeding. 

Acurrp Rena Insurriciency. Dehydration and shock may produce 
acute tubular necrosis. This complication developed in 11 per cent of 
patients hospitalized with cholera. Prerenal causes of acute renal in- 
sufficiency such as dehydration and shock, and obstruction to urine flow 
should be excluded before the diagnosis of acute tubular necrosis can be 
established. In early tubular injury neither oliguria nor a fixed urine 
specific gravity may be found. However, oliguria with low urine urea 
and elevated urine sodium concentrations are the usual manifestations 
of acute tubular injury.*® 

Enporoxin SHock. Shock persisting after rehydration and correc- 
tion of severe blood loss requires immediate clinical re-evaluation. 
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Cardiogenic shock must be considered. Bacteremic or endotoxin shock is 
thought of when other, more usual, causes have been eliminated.*: 4. “4 
Endotoxin is believed to be a phospholipid-polysaccharide-protein com- 
plex. Shock not explained by other causes occurs in 10 to 30 per cent of 
patients with gram-negative septicemia and is blamed on endotoxin 
release.” Thirty to 60 per cent of patients with gram-negative septicemia 
in shock die. In man, endotoxin shock begins with a chill followed within 
three hours by hypotension and fever. Restlessness, hyperventilation and 
apprehension occur. As hypotension develops, the patient has either a 
cold, cyanotic and mottled skin with a thready pulse or a warm, dry 
and flushed skin with a palpable pulse—so-called ‘warm shock.”’ Diar- 
rhea, vomiting, sweating and oliguria appear within 12 hours. The 
survival rate is better in patients with warm shock. A transient initial 
rise in total peripheral vascular resistance occurs during developing 
shock followed by a fall.*® Vascular resistance probably is altered by 
constriction of venules and dilatation of precapillary arterioles. These 
changes are accompanied by decreased cardiac output. Elevated nor- 
epinephrine levels may play a role in the disordered activity of the 
vascular bed. Blood volume, at least in man, appears to be unchanged. 
Acute tubular injury due to shock or bilateral renal cortical necrosis, 
possibly on an immunologic basis, occurs. Renal cortical necrosis was 
produced experimentally as part of the Shwartzman phenomenon. 
Whether a similar response causes cortical necrosis in man is unknown. 


TREATMENT 


Therapy of the Major Nonbacterial Complications 


DEHYDRATION AND SHock. Degrees of fluid loss similar to those seen 
in cholera may occur in bacterial diarrhea in this country. Patients with 
persistent fluid loss in excess of 1000 ec. daily need hospitalization. 
Parenteral therapy will be needed to correct dehydration and prevent 
collapse. Patients with pre-existing disease such as diabetes mellitus, 
congestive heart failure, renal disease, ete. should be hospitalized sooner 
since they present special problems in management. Initially, rapid 
intravenous infusions of saline are used. In severe cases infusions at 
rates of up to 80 cc. per minute may be needed. The presence of other 
illnesses such as cardiac or renal disease requires modification of the 
rapidity with which rehydration is accomplished. Rapid rehydration is 
continued until dehydration is corrected. Subsequent replacement. is 
based on clinical fluid balance measurements. After initial rehydration 
to restore extracellular fluid volume, fluids similar to those administered 
in diabetic acidosis may be utilized. Suggested solutions have an approxi- 
mate composition of 100 mEq. per liter of sodium and 100 mEq. per 
liter of either chloride or bicarbonate. The osmotic deficit is made up 
with dextrose. Intravenous potassium replacement is needed if losses are 
continuous and feedings cannot be tolerated. In continuing disease urine 
and stool output and imperceptible losses estimated as 0.3 cc. /kg. per 
hour should be replaced. Fluids are increased 10 per cent for each degree 
of fever over 99° F. Treatment for acidosis in dehydrating enteritis may 
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be necessary (Table 3). If blood pH values are below 7.35 or bicarbonate 
levels below 15 mEq. per liter, intravenous sodium bicarbonate may be 
administered. Each 0.46 to 0.80 mEq. per kilogram of body weight 
raises serum bicarbonate levels 1 mEq. per liter. Replacement should be 
over a 24 hour period. More than 5 mEq./kg. per day is rarely needed. 

Since shock in gastroenteritis is commonly due to fluid loss, correction 
of the dehydration usually is sufficient treatment. Plasma losses in 
peritonitis may be corrected with 5 per cent albumin solution (Albumi- 
sol). Continuing blood loss should be replaced by whole blood despite 
the risks of hepatitis, transfusion reactions and septicemia.?? Blood loss 
of less than 500 cc. ordinarily requires no replacement in adults.” 
Dextran probably is contraindicated since it blocks the reticulo-endo- 
thelial system, promotes experimental Shwartzman phenomena, and 
further dehydrates tissues. 

Acute TusuLar Necrosis. Management of acute tubular injury 
consists primarily of limiting fluid and electrolyte intake.** The measured 
perceptible losses and the estimated imperceptible losses are replaced 
continuously by intravenous fluids. One hundred grams of glucose added 
to the daily intravenous solutions decreases protein and fat catabolism 
and minimizes the release of potassium, metabolic acids and urea. Infu- 
sion sites should be rotated to prevent sepsis. A weight loss of 500 
grams (1 pound) per day is desirable. The uremic syndrome, metabolic 
acidosis and potassium intoxication, when life threatening, may be 
managed with peritoneal dialysis or hemodialysis. Fifteen to 25 per cent 
of deaths occur following onset of diuresis which usually begins in three 
to 14 days. Mortality in the diuretic phase has been attributed to exces- 
sive loss of fluid and electrolytes. Although polyuria may be due, in part, 
to accumulation of fluid and electrolytes resulting from catabolism, salt 
depletion continues to be a danger and electrolytes must be replaced. 
Renal concentrating power usually returns to normal within two to 12 
months. 

Enporoxin SHock. In endotoxin shock pressor agents should 
be started promptly to maintain systolic blood pressure at 80 mm. 
Hg.7: #2: %4, 39, 40 Agents of choice are Metarminol (Aramine) and Mephen- 
termine (Wyamine).* Either agent is used at concentrations of 0.1 
to 1.0 mg. per cc. to minimize volume loading. Pressor agents improve 
survival rates of patients in shock with gram-negative septicemia by 
20 per cent. Blood pressure should not be maintained with pressor 
agents before correcting fluid losses since dehydration is the major cause 
of shock in gastroenteritis. Angiotensin II (Hypertensin) which acts on 
precapillary arterioles may be a more effective agent in endotoxin shock. 
It is given at a rate of 3 to 10 micrograms per minute.'” *’ Blocking 
agents have no demonstrated value. 

Although the physiologic rationale for the administration of steroids 
in endotoxin shock is uncertain, clinical evidence supports their use in 
severe toxemic states and hypotension associated with gram-negative 
septicemias.7: 4°: * In endotoxin shock hydrocortisone levels are elevated 
but responsiveness to ACTH administration persists. Patients who 
ultimately died showed a greater response to ACTH than did survivors. 
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Hydrocortisone disappearance rates were accelerated in survivors as 
compared to those dying in shock. Thus, disturbances in steroid metab- 
olism may be involved in the pathogenesis of endotoxin shock. When 
other causes of shock have been eliminated, parenteral hydrocortisone, 
500 mg. every eight hours, may be added to the therapy outlined above. 
Steroids are given for one to three days. Dosage is decreased slowly as 
toxemia decreases and blood pressure becomes stable. 


Symptomatic Treatment of Mild Disease 


Most cases of bacterial diarrhea are mild and self-limited and are 
managed with home care. Frequent feedings of small quantities of salt 
and glucose-containing fluids such as commercial soft drinks maintain 
fluid balance adequately. Vomiting and diarrhea are improved by a short 
(24 to 36 hour) period of starvation which may be used if fluid losses 
are not significant. As illness subsides, feedings are increased in con- 
sistency. If diarrhea or vomiting recur, diet should be simplified again. 
Cramping pain can be controlled by antispasmodics such as atropine 
sulfate U.S.P. 0.4 mg. by mouth t.i.d. or diphenoxylate hydrochloride 
with atropine sulfate (Lomotil, 5 mg. t.i.d.), but the potential dangers of 
gut atony and stasis should be considered. Antispasmodiecs are useful in 
controlling distressing symptoms but do not substitute for proper 
management of fluid loss. 


Chemotherapy of Sepsis and Fulminant Disease 


In seriously ill patients in whom bacteremia complicating bacterial 
gastroenteritis seems likely, a stool smear should be studied and stool 
and blood cultures obtained. In cholera, no antibiotic therapy is in- 
dicated,** and in staphylococcal diarrhea penicillin and methicillin are 
the agents of choice (Table 4). If no diagnostic clue exists to indicate the 
choice of antibiotic therapy and appropriate cultures have been started, 
the empiric use of parenteral chloramphenicol and kanamycin is war- 
ranted (Table 4).*° ** There is no need to start antibiotics immediately 
in most patients with symptoms limited to gastroenteritis. In these 
patients fluid loss and dehydration are the life-threatening complica- 
tions. In some patients with continuing diarrhea in whom adequate 
fluid replacement is difficult to maintain, an antibiotic may be life- 
saving. Chloramphenicol and kanamycin are continued until specific 
disc antibiotic sensitivities are known. Since proper selection of anti- 
biotics significantly lowers mortality, antibiotic therapy should then 
be altered, especially if the clinical situation has not improved 
greatly.” *. 4. 47, 48 Chloramphenicol should be used cautiously in in- 
fants and in patients with liver or renal disease!®: %. 56, 6° Bone marrow 
depression due to chloramphenicol can be anticipated by performing 
serial reticulocyte counts, serum iron determinations® and bone marrow 
examinations. Reticulocyte levels below 0.5 per cent and serum iron 
concentration increasing during drug therapy indicate bone marrow 
depression. Initial antibiotic therapy can be followed by an abrupt 
elevation in temperature eight to 12 hours later with an accompanying 
drop in blood pressure. Kanamycin toxicity ordinarily is not significant 
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Table 4. Parenteral Chemotherapy in Septicemia Associated with 
Bacterial Gastroenteritis*!: * 
Se ee ee eee ee eee 


CONDITION* DRUGS OF CHOICH*t ALTERNATE CHOICES*} 


Etiologic agent un- 
known*®: 47.48.58 Chloramphenicol and kanamycin Tetracycline and streptomycin 


Shigellat ey 21. 2 Tetracycline Sulfisoxazole; chloramphenicol 
Salmonella®: &7_ |... Chloramphenicol® Penicillin G®° 
Escherichia........Tetracyclineand streptomycin  Colistin; chloramphenicol and 

kanamycin 
Staphylococci...... Penicillin G and methicillin Vancomycin; chloramphenicol 
Proteussiees 54.5.5 Tetracycline and streptomycin Kanamycin and penicillin G 
Pseudomonas... ..Polymyxin B Colistin; tetracycline 
Clostridia“ oy... Penicillin G Tetracycline 


* References cited refer to specific drug action in disease or to specific drug toxicity. 

{ Maximal recommended doses in gm./day for 70 kg. patient are listed. Dosage 
generally should be administered in equally divided amounts during a 24 hour period 
(intramuscular = IM; intravenous = IV); chloramphenicol 3.5 (IM or IV), kana- 
mycin 1.5 (IM), tetracycline 0.6 (1M), streptomycin 2.0 (IM), penicillin G 6.0 
(IM or IV), methicillin 8.0 (IM or IV), polymyxin B 0.20 (IM), colistin 0.35 (IM), 
vancomycin 2.0 (IV), and sulfisoxazole 12.0 (IM or IV). 


in short-term therapy in patients with normal renal function. However, 
ototoxicity develops rapidly in patients with renal insufficiency. The 
gastrointestinal tract should be allowed to drain freely and anticholiner- 
gic or narcotic agents used only to control cramps. Although Kaopectate 
may have some inactivating effect on endotoxin, it too produces dehy- 
dration and stasis and probably is contraindicated. 


SPECIFIC ENTERITIDES 


In the following sections, certain problems related to specific etiologic 
agents are discussed. Table 4 contains recommendations concerning 
selection of parenteral antibiotics to be used in bacteremia associated 
with gastroenteritis and in fulminating gastroenteritis. Table 5 contains 


Table 5. Oral Antibiotic Therapy in Enteritis 


CONDITION* DRUG OF CHOICE*: ALTERNATE CHOICES*: { 
Shigellosis*........ Sulfisoxazole Tetracycline; chloramphenicol 
Salmonellosis®™..... Chloramphenicol 
Escherichia... ..... Neomycin and polymyxin B 


on SS ee 
* References cited refer to specific drug action in diseaseor to specific drug toxicity. 
+ Maximal recommended dose in gm./day for 70 kg. patient. Dosage generally 
should be administered in equally divided amounts during a 24 hour period; chlor- 
amphenicol 3.5, tetracycline 2.0, sulfisoxazole 12.0, neomycin 4.0, and polymyxin 


B14. 
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similar recommendations concerning selection of oral antibiotics to be 
used in the majority of patients with bacterial gastroenteritis. T hese 
recommendations are based on studies reported in the literature. Optimal 
treatment depends on selection of the best antibiotic based on sensitivity 
tests of the organisms causing disease in the individual patient.** “6. 47> * 


Shigella 


Shigellosis is one of the two common causes of bacterial enteritis in this 
country and is fatal in 1 per cent of cases. Shigella are transmitted by a feces- 
hand-mouth route.” Failure of hand washing following fecal contamination is 
the major factor responsible for spread of the disease.** Animal reservoirs 
play no role in shigellosis. Shigellosis has an acute onset following an incubation 
period of 1 to 6 days. The diarrhea usually is described as mucoid, purulent or 
bloody, but most patients actually have watery diarrhea.” Abdominal cramping, 
vomiting, fever and chills may precede the diarrhea. High fever and chills 
cannot be attributed to endotoxin alone since bacteremia can occur. Smear of 
the stool reveals many leukocytes. Sigmoidoscopy may show sharply defined 
ulcers with a mucopurulent base; material from these ulcers yields a high 
number of positive cultures and positive smears for leukocytes. 


Eighty to 90 per cent of cases of shigellosis resolve without antibiotic 
treatment. The carrier state may persist, however, for as long as five 
years and is ended by antibiotic therapy. Antibiotic therapy is manda- 
tory as an epidemiologic precaution. Household contacts of the index 
case should be cultured and treated.” In institutional outbreaks treat- 
ment of clinical cases alone will not affect the course of the epidemic. 
A 10 per cent incidence of illness in a closed social group is indication for 
prophylactic therapy with sulfisoxazole (Gantrisin) 1 gram b.i.d. for 
seven days.?? Complications are limited to mild arthritis of larger joints 
two to three weeks following the episode. Reports of ulcerative colitis 
and regional enteritis following a shigellosis epidemic in 1935 have never 
been confirmed.” Vaccination has been attempted but results are 
inconclusive. 


Salmonella 


Salmonellosis, the other common cause of gastroenteritis in the United States, 
has increased in incidence and in significance as a public}health problem.** The 
increase is in Salmonella species other than typhosa and is a real change rather 
than a difference in reporting.**. °° The four syndromes in salmonellosis were 
recognized by Osler: gastroenteritis, typhoidal syndrome with septicemia, focal 
manifestations, and the carrier state. In one large series gastroenteritis, most 
commonly caused by S. typhimurium, occurred in 68 per cent; the typhoidal 
syndrome in 9 per cent, with S. choleraeswis the usual etiologic agent; and focal 
manifestations, most frequently due to S. choleraesuis, in 7 per cent. Sixteen 
per cent of patients with salmonellosis are asymptomatic carriers. Salmonella 
typhimurium is the organism most often carried. A history of gastroenteritis is 
obtained in only 50 per cent of carriers. An overall mortality of 4.1 per cent 
has been recorded.®* S. choleraesuis and S. typhimurium accounted for most of 
the deaths. 

The manifestations of Salmonella enteritis range from asymptomatic infection 
to a choleriform illness.2? Nausea, abdominal cramps, anorexia and vomiting 
are common. Weight loss, fever and chills occur but usually are transient. The 
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diarrhea varies from loose normally-colored stools through “pea-soup stools” to 
watery-mucoid stools. Frank intestinal bleeding, especially in children, may be 
seen. A secondary illness, either typhoidal in type or focal, or both, may develop 
days to weeks after recovery from enteritis. Salmonella schottmiilleri and S. 
choleraesuts are the agents most commonly producing delayed secondary illness. ® 


Therapy for Salmonella enteritis is supportive. Antibiotics do not 
shorten the clinical course, decrease relapse rate or decrease the incidence 
of complications in cases of enteritis.*%: = Antibiotics increase the rate at 
which stools are cleared of pathogens but do not decrease the incidence 
of carriers. In the extraintestinal syndromes treatment with chloramphen- 
icol decreases mortality.*® °7 Prevention depends on control of animal 
reservoirs and chronic human ecarriers.7! In some surveys Salmonella 
carrier rates rose from 5 per cent to 30 per cent as animals moved from 
the farm to stockyards. Contamination of meat increased to 51 per cent 
of the specimens following slaughter and dressing.’ 

Treatment of the human carrier presents continued problems. The 
chronic carrier is the patient who continues to excrete organisms one 
year after clinical recovery from the initial episode. The carrier rate is 
at least 2 per 100,000. Gallbladder disease occurs in more than 50 per cent 
of the carriers and decreases the likelihood of cure with antibiotics alone. 
In carriers without gallbladder disease intensive and prolonged therapy 
with antibiotics should be tried, but frequently is disappointing. In 
carriers with gallbladder disease, antibiotic therapy without cholecystec- 
tomy is almost uniformly unsuccessful. Cholecystectomy in the chronic 
carrier is warranted mainly as a public health measure.” 

The use of phenolized typhoid-paratyphoid A and B vaccine (Typhoid 
and Paratyphoid Vaccine) is effective in decreasing morbidity for Sal- 
monella enteritis. The vaccine is administered intramuscularly in 0.3 cc., 
0.5 ec. and 0.7 ec. amounts in adults at seven to 14 day intervals.”® 
Each cubic centimeter contains 1,000,000,000 killed Salmonella typhosa 
and 250,000,000 killed paratyphoid A and B organisms each. A 0.5 ce. 
booster is necessary yearly in endemic areas and every three years in the 
United States.2° Salmonella choleraesuis, which most commonly causes 
serious disease in this country, is not included in commercially available 
vaccine.” 

A complication results from the recent finding that organisms with 
mixed rates of lactose fermentation can reproduce the clinical picture of 
salmonellosis. These organisms, the Arizona group, are obviously im- 
portant. Bacteriologic differentiation of pathogens depends partly on 
different rates of lactose fermentation. Pathogens characteristically 
ferment lactose slowly or not at all. Slow lactose-fermenting forms of the 
Arizona group may be discarded as a “‘paracolon.” This group may be 
considered in any enteritis which appears to be bacterial in origin but 
lacks the usual bacteriologic criteria. 


Escherichia 


Escherichia coli were considered to be saphrophytes in the gut for many years. 
Following serologic separation, certain strains were shown to cause epidemic 
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diarrhea. Epidemics in newborn nurseries and rarely in urban populations are 
described. The significance of isolation of pathogenic strains sporadic cases is 
uncertain because of the high incidence of carriers. The disease 1s acute in onset 
and has an incubation period of 1 to 12 days. Fever, vomiting, intermittent 
diarrhea and, at times, a choleriform syndrome with dehydration occur. Infants 
under two years are affected most frequently but scattered adult cases occur 1n 
family contacts. Studies indicate that drug resistance is developing and that 
sensitivity studies are of importance in drug selection. eres : 

The group of organisms presently classified with the Escherichia, the alkah- 
genes dispar group, is a rare cause of disease ranging from mild enteritis to a 
severe typhoidal syndrome.!* These organisms can be found on blood culture 
and serologic responses following clinical disease have been demonstrated. 


Cholera 

Cholera is an endemic and potentially pandemic disease usually transmitted 
by water through fecal contamination. There is a short incubation period of 
one-half to 3 days. The diarrhea may range from a very mild state to overwhelm- 
ing fluid loss. An unusual form occurs in which paralytic ileus produces a fluid- 
filled gut without obvious diarrhea. As in all other enteritides, the very young 
and the aged have the poorest prognosis. 


A 60 per cent mortality in untreated severe cases may be reduced to 
30 per cent with parenteral fluid therapy.*!: * Improvement can be 
followed by observing stool color changes from white rice-water stools to 
pea-soup stools to normally colored stools. Stools are strongly alkaline 
and a pH of 7.0 or greater is maintained for one hour at room tempera- 
ture. Evaluation of the role of antibiotic therapy is difficult since organ- 
isms disappear spontaneously by the first or second day of illness. There 
is no evidence that improvement follows the use of presently available 
antibiotics. 

Prevention of cholera depends upon effective quarantine of cases 
and careful hygiene. Stools should be discarded directly from the patient 
into large containers containing strong disinfectant (1 per cent creosol). 
General sanitation measures to prevent contamination of water are most 
important. Prior vaccination reduces mortality in epidemics by 16 per 
cent to 24 per cent. The vaccine contains 8,000,000,000 organisms/ce. 
of the Inaba and Ogawa strains in phenol (Cholera Vaccine). An initial 
deep subcutaneous injection of 0.5 ec. is followed in seven days by 1 ce. 
with a 1 ee. booster every six months. 


Staphylococcus 


Antibiotic therapy may lead to the selective growth of antibiotic-resistant 
organisms, especially Staphylococcus aureus.* 28 The presence of staphylococcus 
in the stool does not necessarily mean that disease exists.2° When present in 
predominating numbers, various clinical syndromes can result: mild or severe 
diarrhea without demonstrable enteric lesions or enteritis with pseudomembrane 
formation. Pseudomembranous enterocolitis may appear in the absence of 
staphylococcal organisms.!® These syndromes are found most frequently in 
postoperative patients being treated with broad-spectrum antibiotic “prophy- 
laxis.”” Mild gastrointestinal complaints occurring 3 to 5 days after operation 
may be replaced by a sudden choleriform illness with nausea, vomiting, fever 
and diarrhea leading to oliguria, shock and death. Large volumes of fluid may 
remain loculated in the gut and not appear as diarrhea. 
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Fluid and electrolytes should be replaced, previous antibiotic therapy 
discontinued, and prompt treatment with penicillin and methicillin 
begun (Table 4). Reestablishment of normal intestinal flora by adminis- 
tration of yogurt and saline extracts of fresh, noninfective stools has 
been advocated. Yogurt and stool extracts may be given by tube 
intraduodenally or by enema in 60 ce. doses. Lactobacillus acidophilus 
and bulgarius (Lactinex) 4 tablets q.id. is used for the same purpose. 
In a nasal carrier of coagulase-positive Staphylococcus aureus topical 
bacitracin-neomycin ointment reduces carrier rate and postoperative 
infections. Prophylactic parenteral therapy is not helpful and may be 
dangerous.” ?° ® Proteus and Pseudomonas may produce enteritis under 
circumstances similar to those predisposing to staphylococcal en- 
teritis.> 


Clostridia 


Although the clostridia ordinarily are not considered as causing enteritis, they 
are normal inhabitants of the bowel and may produce disease in debilitated 
individuals.?® 87 Clostridial enteritis may present as a mild diarrhea with slight 
fever. In patients with leukemia or lymphoma under chemotherapy, fulminating 
disease with fever, tachycardia and development of hemolytic anemia may 
occur.® Anemia is followed by hemoglobinuria, jaundice, anuria and death. 
Lymphomatous invasion of the gut and malnutrition are the most common 
underlying factors. Clostridia invades damaged tissue and surgical removal of 
diseased segments, when feasible, may be needed for effective treatment. 


Parenteral antibiotic therapy (Table 4) should be started following 
culture. Polyvalent antitoxin containing Clostridium perfrigens and 
Cl. novyt antitoxin 27,000 units each together with Clostridium septicum 
antitoxin 13,500 units is given intravenously every four hours. Blood 
should be replaced as needed. Oxygen given under increased atmospheric 
pressure by means of compression tanks may depress growth of the 
organism and enhance clinical recovery.® 


SUMMARY 


Advances in public health and sanitation, the use of parenteral fluids, 
and antibiotic therapy have decreased deaths due to bacterial gastro- 
enteritis in this country to a rate of 1-2/100,000 in 1961. Mortality 
remains high in underdeveloped countries, due mainly to the lack of 
adequate public health facilities. Failure to obtain stool cultures in cases 
of acute diarrhea results in an underestimation of morbidity due to 
bacterial diarrhea. Viral diarrhea is frequently the clinical diagnosis in 
acute, short-lived gastroenteritis, but there is no reliable method of 
differentiating bacterial from viral gastroenteritis without bacteriologic 
examination. 

Fluid loss and its consequences are the greatest threats in most patients 
with gastroenteritis and proper replacement is the most important initial 
therapeutic procedure. In patients with septicemia and fulminating 
diarrhea due to bacterial gastroenteritis, the empiric use of chloromycetin 
and kanamycin is justified until the results of antibiotic sensitivity tests 
are available. Antibiotic therapy is most successful when based on such 
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tests. In many instances of mild gastroenteritis, antibiotic treatment 
should be withheld until bacteriologic studies are completed since chemo- 
therapy often is more important from an epidemiologic standpoint than 
it is for the patient. 

In addition to Shigella, Salmonella and cholera groups, the classic 
causes of bacterial gastroenteritis, Escherichia strains and incompletely 
classified forms like the Arizona group may produce gastroenteritis. 
Underlying disease, especially of the gut, and antibiotics given for other 
purposes enhance the likelihood that diarrhea is due to organisms such 
as Clostridia, Staphylococcus and Pseudomonas which ordinarily do not 
cause gastroenteritis. 

Therapy in bacterial gastroenteritis generally is satisfactory when 
based on an appreciation of underlying and epidemiologic factors, the 
need for fluid replacement, and the proper choice of antibiotics dependent 
on bacteriologic study. 
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URINARY TRACT INFECTION* is an important general medical problem. 
It comprises a group of common episodic infectious illnesses and, in 
addition, appears to play an insidious, causal role in the natural history 
of a number of noninfectious conditions. These include prematurity and 
neonatal death among offspring of women with bacteriuria during preg- 
nancy, chronic renal failure and hypertension.’® ” 

The purpose of the present review is to summarize selected aspects 
of urinary tract infection concerned with its epidemiology, recognition 
and treatment. 


FREQUENCY OF OCCURRENCE 


Certain general principles are useful in measuring the importance or 
impact of a disease. These include an estimate of mortality—the number 
of individuals who die as a result of it. Another important measure is that 
of morbidity—the number of persons who sicken or are disabled by it. 
There are several aspects of mortality data which are frequently over- 
looked. First, there is the problem of clinical recognition of urinary tract 
infection as a cause of death. Most authors cite statistics to indicate that 


* The term “urinary tract infection” is used rather than a series of components, 
such as, cystitis, urethritis, pyelonephritis, etc., since it is virtually impossible in 
many instances to distinguish precisely which parts of the tract are or are not involved. 
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the condition is frequently overlooked and emphasize that pyelonephritis 
is the most frequent cause of renal failure.?° Careful autopsy examination 
may not, however, clarify the nature of the renal lesion since consider- 
able controversy still exists regarding acceptable anatomic criteria of 
pyelonephritis.2" Hayman’s! introduction to a discussion of chronic 
pyelonephritis illustrates this aspect of the problem of precise anatomic 
diagnosis: 


“Chronic pyelonephritis is a fashionable diagnosis at the present time. Physi- 
cians are fairly used to fashions in therapeutics, and perhaps even in the impor- 
tance of some laboratory procedures, but are less accustomed to think of fashions 
in pathological diagnoses. Yet in one university clinic almost all renal lesions im 
the autopsy population up to about 1925 were called chronic glomerulonephritis. 
Then when the ideas of Volhard and Fahr penetrated beyond the Alleghanies, 
this diagnosis was no longer made. All chronic kidney disease was designated 
arteriolonephrosclerosis until about 1940 when,-as the result of the papers of 
Weiss and Parker, chronic pyelonephritis became the most common pathological 
diagnosis.” 


Data derived from autopsy populations are essential to our knowledge 
concerning natural history but conclusions concerning prevalence or 
incidence of urinary tract infection based on postmortem examinations 
are hazardous. This is due to the highly selected nature of population 
samples under study. In the excellent study of the demographic features 
of those persons who were autopsied in 1955 in the United States, 
McMahan? found that there were marked variations in the likelihood 
with which postmortem examinations were performed, depending upon 
a number of important variables. These included race, sex, geographic 
location and economic status. Thus, the extent to which these variations 
may introduce bias must be taken into account in applying frequency 
data based on autopsies to other population groups. The fact that 
pyelonephritis was found in 5 or 10 or 20 per cent of autopsies performed 
in a given hospital over a period of years provides very little help to the 
practicing physician in estimating how often he can expect to encounter 
the disease. Further, it is difficult to generalize about the incidence of 
urinary tract infection based upon the experience of a hospital or clinic 
population owing to the fact that, while the number of affected individ- 
uals observed per unit time may be known, the size of the group at risk 
or community from which they were drawn is rarely identified. 


One of the most useful studies on the frequency of urinary tract infection 
is that of Fry et al.,’ based on carefully recorded systematic observations 
in a general practice setting in England. Since the population of the practice 
was known, the authors were able to conclude that “the rate of occurrence 
of acute urinary infections each year was almost 12 per 1000 of the practice. 
The family doctor with an average size list (of 2500) can therefore expect to 
treat about 30 patients each year. In the country as a whole there may be as 
many as 500,000 cases each year. About 4 times as many females were affected 
as males. There was a very definite peak in young women (20-30 age group) 
and a constant high level thereafter. In males, attacks were more common 
after the age of 40—possibly because of bladder neck obstruction.” They inves- 
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tigated the subsequent course of 125 patients 4 to 6 years later and concluded 
one pe infections did not lead to chronic pyelonephritis during the interval 
studied. 

Loudon and Greenhalgh® performed a similar kind of study in which they 
surveyed a sample of patients in another English general practice and calculated 
patient consulting rates for urinary tract infection. They found, as did Fry and 
his co-workers, “that a general practitioner can expect to see about 12 cases of 
urinary infection a year for every 1000 patients on his list.” The ratio of females 
to males was 5:1; the highest rates among women were observed in those who 
were pregnant and the lowest rates in those who were unmarried. Loudon and 
Greenhalgh pointed out that the patients studied represented a self-selected 
sample of the population which may result in an observed lower prevalence of 
infection than that which actually existed in the total community. 


These studies illustrate an old and important approach to the study of 
the natural history of disease—an approach summarized so eloquently 
by Pickles* who wrote as follows: “Let me recommend as a hobby, 
particularly to those young men entering country practice, this observa- 
tion of the natural history of epidemic disease. In an editorial on this 
subject in the British Medical Journal it is stated: ‘Organized medical 
statistics and laboratory experimental epidemiology are not substitutes 
for the observation of nature, but ancillary means.’ We country practi- 
tioners are in a position to supply facts from our observation of nature, 
and it is, I feel most strongly, our plain duty to make use of this unique 
opportunity.” 


CLINICAL MANIFESTATIONS 


Dingle® pointed out that one of the first steps in developing solutions 
to the present and future problems of disease and of maintenance of 
health is the clinical approach—‘‘the ability to diagnose or to recognize 
and identify a disease in an individual person.” 

What is the clinical picture of urinary tract infection? Acute infection 
of the lower urinary tract is readily apparent when it is associated with 
the sudden onset of dysuria, frequency, urgency and vesical tenesmus. 
There is usually little or no elevation in body temperature. The peripheral 
leukocyte count is normal. The urine may appear grossly turbid or even 
bloody and, at times, a foul odor is noted. Microscopic examination of the 
urine reveals numerous white blood cells singly and in clumps, many 
bacteria and, occasionally red blood cells. It is usually impossible to 
determine whether the kidneys are involved. 

The clinical manifestations of upper urinary tract inflammation includ- 
ing pyelonephritis are exceedingly variable. The patient may present 
with an acute illness characterized by flank or low back pain, chills, 
fever, nausea and vomiting in addition to lower tract symptoms. Physical 
examination may reveal tenderness in one or both of the costovertebral 
areas or flanks. The body temperature is usually elevated as is the periph- 
eral leukocyte count. In addition to urinary abnormalities such as 
pyuria and bacteriuria, the sediment may contain numerous white blood 
cell casts. Blood culture frequently reveals the presence of bacteria during 
the acute phase of untreated pyelonephritis. 
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In sharp contrast to instances of “typical” acute pyelonephritis are 
those individuals whose presenting signs and symptoms do not im- 
mediately suggest urinary tract involvement. Obscure fever may be the 
sole manifestation of illness. In addition, there remains the problem 
of inapparent or subclinical infection which some authors believe is 
frequent and plays an important role in the subsequent development of 
chronic renal disease and hypertension. 


DIAGNOSIS 


Urine Culture 


The most valuable aid in diagnosis of urinary tract infection is bac- 
teriologic examination of the urine. The techniques employed in urine 
culture have been studied extensively during the past ten years. It is now 
established that urine samples collected from healthy individuals under 
aseptic conditions frequently contain a wide variety of bacteria. These 
include many gram-negative species, such as, EH. coli, Klebszella-Aero- 
bacter, Proteus and Pseudomonas in addition to certain gram-positive 
species such as diphtheroids, streptococci and staphylococci. These 
organisms, which are commonly found in the distal urethra of normal 
individuals, are usually present in small numbers, 1.e., less than 1000 
per ml. of urine. In instances of typical infection, however, careful 
studies have shown that bacteria are present in large numbers, Le., 
100,000 or more colonies per milliliter of urine. The significance of urinary 
bacterial counts in the intermediate range is often doubtful. Repeated 
urine collections and cultures provide additional data and lend further 
strength to the final interpretation of contamination versus infection. 

The manner in which urine samples are collected and handled is 
critical. Nurses’ as well as physicians!’ studying collection techniques 
have pointed out that ‘‘clean-void”’ midstream samples obtained under 
supervision provide satisfactory specimens for bacteriologic examina- 
tion without the need for catheterization. However small the risk of 
properly performed catheterization in terms of later infection, such risks 
are unnecessary. 


In order to arrive at a meaningful bacterial count, a measured° amount of 
uncentrifuged urine should be placed on a solid rather than in a liquid medium. 
It is important that the samples be kept under refrigeration until actual bac- 
teriologic techniques are performed, since urine itself is an ideal culture medium 
permitting active bacterial multiplication. Specimens can be held at icebox 
temperature for several days if necessary.2” Despite these precautions, cultures 
may fail to reveal the presence of large numbers of organisms in instances of 
clinically typical infection owing to a variety of special conditions.® These 
include suppurative renal lesions which do not communicate with the collecting 
system, obstruction of the ureter on the side of the lesion, markedly low urinary 
pH (below 5.5), periods of rapid dilute urine flow and, commonly, suppressed 
growth due to the presence of antimicrobial drugs. 

What organisms are usually encountered in samples collected from infected 
patients? The data of Loudon and Greenhalgh reveal that in a general practice 
setting H. coli was found in the majority of patients. Grossberg et al.,° studying 
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all cultures submitted to the Johns Hopkins Hospital Laboratory during a two 
month period in 1957, pointed out that bacterial species isolated from infected 
patients varied according to the place of acquisition of infection. Community 
surveys comprising mostly simple uncomplicated infections yield mostly anti- 
microbial drug-sensitive H. coli and relatively few drug-resistant Klebsiella- 
Aerobacter, Proteus and Pseudomonas species. The latter are frequently found in 
hospital series composed of complicated infections in which instrumentation 
had been performed. 


Other Tests for Bacteriuria 


Several rapid screening procedures have been recommended in estimat- 
ing whether or not a given urine sample contains large numbers of 
bacteria. These methods offer a tentative answer pending confirmation 
by cultural technics. In addition they may be useful in follow-up investi- 
gations of patients receiving medication to detect the presence of organ- 
isms that may ultimately grow poorly or not at all on artificial culture 
media due to the presence in the urine of inhibitory drugs. 


The first of these screening methods employs the Gram stain. Kass!° showed 
that the presence of organisms in a Gram-stained smear of a drop of uncentrifuged 
urine was indicative of high bacterial counts on subsequent cultural examination 
in 80 per cent of the cases. Kunin” reported that routine microscopy of the 
unstained sediment provided another reliable means of rapid visualization of 
bacteria. Sediments were prepared from 10 ml. of freshly collected or properly 
stored samples and examined at a magnification of 4380 times in diminished light. 
The finding of 10 to 100 or more bacteria per field was almost invariably asso- 
ciated with a high bacterial count (i.e., 100,000 or more colonies per ml. of 
urine) on culture. 

Although the presence of pyuria is useful confirmatory evidence of urimary 
tract infection, its absence in the first or even second urine specimen examined 
does not rule out active infection. As pointed out by Loudon and Greenhalgh,” 
“«, . the number of pus cells seen is subject to many variables; for instance, the 
magnification and number of fields counted, the urinary output when the sample 
was collected, the rate of production of pus cells in the urinary tract, and the 
length of time since the sample was collected, because pus cells tend to stick to 
the side of the container and, later, to disintegrate. Thus, it is partly a matter 
of chance whether a single sample contains a large or small number of pus cells.” 

Pus cell casts in the urinary sediment in instances of urinary tract infection 
point to involvement of the kidneys. Failure to observe white cell casts in 
repeated samples does not, however, rule out pyelonephritis. It should be noted 
that prostatic concretions to which leukocytes are adherent may simulate casts 
of renal origin. 


ASSOCIATED CONDITIONS 


Studies of bacteriuria in a variety of clinical settings have provided 
useful new data as well as posed many unanswered questions. Recent 
developments include: (1) studies relating use of inlying catheters to 
subsequent bacteriuria and infection; (2) demonstration that bacteriuria 
in women during pregnancy is followed by an increased prematurity 
ratio among their offspring and that this sequence appears to be prevent- 
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able; and (3) re-evaluation of certain “high-risk” groups such as diabetic 
patients among whom it has been traditionally held that urinary tract 
infection is more frequent and severe than among nondiabetics. 


Catheters and Bacteriuria 


The evidence that catheterization of the urinary bladder may lead to 
serious urinary tract infection has been summarized in an editorial by 
Beeson? and reviewed at length by Williams et al. The latter authors 
state that “estimates of the incidence of these infections vary, but there 
is no doubt that they occur too often, and are the commonest variety of 
infection resulting from medical or nursing practices in hospitals. Much 
urinary infection is frequently accepted as inevitable . . . it is doubtful 
if this is so.” 

These comments were not intended to-do away with catheters but 
rather to point out the hazards of instrumentation and to clarify indica- 
tions for these procedures. Catheterization is not necessary to collect an 
adequate sample for routine urinalysis or quantitative bacteriologic 
examination. Nor should catheters serve as simply a convenient way to 
collect urine for diagnostic procedures such as urea clearance tests or to 
keep the bed dry in instances of vesical incontinence. The value of 
instrumentation in the management of urinary obstruction is obvious. 

Risk of catheter-associated bacteriuria and its subsequent course has 
been studied in a variety of clinical situations as follows: 


Turck and Petersdorf® performed single catheterizations in a group of 100 
ambulatory patients and found only 1 possible instance of subsequent persistent 
bacteriuria when subjects were tested 2, 4 and 6 weeks afterwards. The use of 
a catheter only once during the course of labor and delivery, however, has been 
shown in a controlled study” to increase significantly the prevalence of imme- 
diate postpartum bacteriuria. Single catheterization, particularly during the 
course of lengthy or difficult labor, further increases the risk of subsequent 
bacteriuria.4 Prevention of bacteriuria following lengthy labor may be accom- 
plished by encouraging patients to void at regular intervals and by avoidance 
of bladder distention during labor. 

The late effects of postpartum bacteriuria are uncertain. We are presently 
observing patients in whom immediate postpartum bacteriuria was demon- 
strated to learn how long organisms persist and how often such patients develop 
later clinical manifestations. Turck and Petersdorf are conducting a drug trial 
to test the value of antimicrobial therapy in preventing postpartum bacteriuria. 

Kass’s"” observation that bacteriuria was almost invariably present within 4 
days in patients following the use of indwelling catheters provoked renewed 
interest in the prevention of urinary tract infection. Ansell! in a recent review 
on catheter care pointed out some of the precautions necessary to avoid infection. 
He emphasized the need for careful attention to aseptic techniques, the use of 
small catheters, the merit of plastic catheters, closed drainage systems with a 
bactericidal agent such as 10 per cent formalin in collecting bottles, and a rapid 
flow rate of urine. There is little doubt that interest in technical improvements 
attention to asepsis and the avoidance of cross-infection will prevent more 
infection and disability than increased use of antibacterial drugs. 

What are the late effects of catheter-associated bacteriuria? Clarke and Joress® 
concluded from a retrospective study of patients following the use of indwelling 
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catheters that bacteriuria did not necessarily persist if underlying factors such 
as obstructing lesions were removed and infections treated. 

The subsequent course of bacteriuria associated with instrumentation was 
studied prospectively in a group of 21 women requiring vaginal hysterectomy 
and indwelling catheters.* High bacterial counts were observed in 4 of the 21 
prior to surgery. After 2 or 3 days of constant bladder drainage, 14 of the re- 
maining 17 exhibited bacteriuria. Four to 8 months following surgery and 
instrumentation and appropriate antimicrobial therapy, bacteriuria was present 
in 3 of the 21. Only 1 of the 3 was asymptomatic. Thus, under these conditions, 
there was only 1 instance of possible subclinical urinary tract infection following 
2 to 3 days of constant bladder drainage. 


Bacteriuria and Pregnancy 


The systematic search for bacteriuria among asymptomatic women 
during pregnancy has led to one of the most promising and exciting 
recent developments in preventive medicine. In a series of studies at the 
Boston City Hospital, Kass!* showed that the prevalence of bacteriuria 
during pregnancy was 6 to 7 per cent. Approximately 40 per cent of 
women with persistently high bacterial counts developed pyelonephritis 
during pregnancy or immediately following delivery. Those patients 
without bacteriuria and those in whom organisms were eliminated by 
antibacterial therapy did not develop infection. Further, it was observed 
that there was a higher incidence of prematurity and related infant 
mortality among offspring of women with persistent bacteriuria during 
pregnancy than among infants of mothers without bacteriuria. 

The proposed link between bacteriuria and prematurity has been 
studied intensively by several groups of investigators. The results to date 
are not in complete agreement. Kaitz and Hodder did not observe an 
increase in prematurity in a small group of women with bacteriuria. 
Turck and co-workers® were unable to show a significant difference in 
risk of premature births in women with or without asymptomatic 
bacteriuria. On the other hand, the results of the Baltimore study by 
Henderson and her co-workers” confirmed Kass’s findings relating bac- 
teriuria during pregnancy with an increased risk of prematurity. 

Additional studies in a variety of population groups are needed. Un- 
doubtedly prematurity and related infant mortality are due to a com- 
bination of factors and the extent to which bacteriuria and urinary tract 
infection are causal or contributory remains to be fully demonstrated. 
Turck and his co-workers suggest that a reasonable procedure based on 
available data is systematic search for bacteriuria and its elimination 
by antimicrobial agents in so-called “high-risk” groups (those in lower 
socio-economic strata, particularly nonwhite patients). 

The long-term effects of urinary tract infection during pregnancy are 
not known with certainty, since data based on the careful follow-up of 
groups of infected women and suitable control subjects are not available. 


Bacteriuria and Urinary Tract Infection Among Patients with 
Diabetes Mellitus 


Beeson? commented that urinary tract infection is more frequent in 
diabetics than in nondiabetics, although precise data on this are lacking. 
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He cited the study of Harrison and Bailey in which they found a higher 
frequency of bacilluria and pyuria in patients with diabetes mellitus 
compared to a control group. In addition, he reviewed the serious nature 
of urinary tract infection in diabetic patients attending the George di 
Baker Clinic in Boston. 

These older studies are subject to criticism chiefly because they are 
based on poorly defined diabetic populations as well as comparisons with 
large series of autopsied individuals. Most retrospective studies on com- 
plicating illnesses in diabetic patients have limited value for their data 
represent an accumulation of what has happened to those who survive 
long enough to be included in a particular study and who are ill enough to 
be under medical care. A study of diabetes mellitus of 20 years’ duration, 
for example, includes a highly selected sample of diabetic patients, not 
at all representative of diabetes mellitus in general. 

Recent reports by Huvos and Rocha! and-O’Sullivan et al.,3° however, 
present data which indicate that the prevalence of significant bacteriuria 
was similar in groups of diabetic and nondiabetic persons. 

The ultimate answer to the questions of the frequency and seriousness 
of bacteriuria and urinary tract infection in diabetic patients will evolve 
from a prospective description of a large well-defined cohort of diabetic 
individuals and a suitable control group observed for at least five or 
ten years. For example, we? have attempted to measure the incidence 
of bacteriuria and urinary tract infection among a group of 51 newly 
diagnosed ambulatory diabetic women under study for several years. 
On initial screening, four of the 51 showed significant bacteriuria. The 
incidence of bacteriuria in this group based on three consecutive annual 
surveys was 6 per cent, i.e., three new instances among 47 women who 
were initially free of bacteriuria—a lower figure than those reported in 
previous cross-sectional studies of clinic or hospitalized groups. 


RATIONAL BASIS FOR TREATMENT* 


The goal of the patient with urinary tract infection seeking medical 
help is relief of distressful symptoms. The physician can provide that 
relief and, in addition, may be able to prevent future disability. Manage- 
ment is, however, beset with uncertainties. The source of the infection is 
usually not apparent and there are conflicting views about the efficacy 
of numerous currently available drugs. Few studies have been performed 
comparing specific agents and suitable control preparations. Indeed, the 
extent to which urinary tract infection is a self-limited process which is 
capable of spontaneous resolution is unknown. Fenwick? wrote in 1895 
that “if pus appears [in the urine} as a result of a simple catarrh, it will 
probably subside after rest in bed, and the free exhibition of bland dil- 
uents, to which some form of alkali is added, hot fomentations being 
applied and opium if necessary.” Therefore, it must be emphasized that 


* Two excellent reviews on management of urinary tract infection are recom- 
mended; (a) Kass, E. H.: Chemotherapeutic and antibiotic drugs in the management 
of infections of the urinary tract. Am. J. Med. 18: 764, 1955. (b) Kleeman, C. R. 
Hewitt, W. L., and Guze, L. B.: Pyelonephritis. Medicine 39: 3, 1960. ; 
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disappearance of symptoms and signs per se is of little value since 
clinical improvement without complete eradication of infecting organisms 
may be followed by persistent bacteriuria and subsequent flare-up of 
infection. 

The outcome of treatment of urinary tract infection depends on several 
factors. These include the responsible micro-organism, its sensitivity to 
antimicrobial agents, associated illnesses such as uncontrolled diabetes 
mellitus, underlying structural or functional defects, and tissue changes 
related to past protracted infection. 

The data of Fry et al.,’ already cited, illustrate that most instances of 
acute uncomplicated urinary tract infection improve rapidly during 
initial therapy. The diagnosis in these patients was proven with micros- 
copy and culture. Adults were given a five day course of sulfonamides. 
Clinical responses were described as ‘‘good’’ and repeat urine samples 
collected from 160 of the 172 patients originally treated revealed no 
pyuria or bacteriuria in 151 of the 160 tested. Follow-up study four to 
six years later of 125 persons who had not moved away and were avail- 
able for testing showed that persistent urinary abnormalities were 
present in 19 (15 per cent) of the 125. Six of the 19 were men in whom 
specific urologic lesions such as urethral stricture or prostate enlarge- 
ment were found. Recurrent cystitis without any obvious cause ac- 
counted for nine of the 13 females. There were only three instances of 
chronic pyelonephritis among the 19. 

The large segment of the practice that moved away and was unavail- 
able for later testing constitutes a major limitation in the final interpre- 
tation of these data. These findings do not, however, indicate a serious 
treatment problem or the occurrence of many serious late effects of acute 
uncomplicated urinary tract infection. Most authors agree that results 
are generally good in acute simple urinary tract infection, but cure rates 
in the recurrent or chronic disease are disappointingly low, about 10 
per cent.” 

Ideally, the aim of antimicrobial therapy of urinary tract infection 
calls for prompt and complete eradication of offending organisms— 
those which are present initially as well as others which may appear 
during the course of therapy. This approach requires the use of bacteri- 
cidal agents which ideally are convenient to administer, safe and effective. 
Unfortunately, streptomycin, a potent bactericidal drug, must be given 
parenterally, is occasionally responsible for toxic side effects, and is 
limited to short periods of effectiveness. Some of these difficulties may 
be offset by combining its use with other preparations such as tetracy- 
cline. On the other hand, data based on careful long-term studies are 
not available to show that this form of therapy is any more successful in 
prevention of serious renal damage than some of the simpler suppressive 
or bacteriostatic regimens in common use. The latter include, for exam- 
ple, sulfonamides and nitrofurantoin. 

The best practical course is the selection by the practitioner of two or 
three drug regimens with which he should become familiar in terms of 
efficacy, indications, administration and toxic manifestations. The ini- 
tial step in management is precise diagnosis—recognition of bacterial 
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infection and assessment of the circumstances under which infection 
occurs. For example, not every patient with dysuria is infected. Nor is 
the sole consideration in an infected patient the prompt use of a given 
drug. Many obstructive urological lesions are readily correctible and 
subsequent renal impairment depends on recognition of these predis- 
posing causes of urinary tract infection, not on drug therapy alone. 
When medication is used it should be based upon sound bacteriological 
diagnosis. Most patients probably can be successfully treated for a first 
episode of acute uncomplicated urinary tract infection without sensitivity 
tests. Evaluation of any scheme of treatment depends not upon the 
clinical response alone; it should be made in conjunction with follow-up 
cultures obtained immediately following a course of medication and at 
several subsequent intervals. It is our practice to treat patients for at 
least two weeks and, if there is a good clinical response, re-culture the 
urine after an additional two or three days. If the bacterial count is no 
longer elevated and there is no return of symptoms, the patient is re- 
quested to return in a month for repeat studies. Follow-up cultures are 
performed at several three-month intervals thereafter. Any evidence 
of persistence or recurrence of infection calls for re-evaluation and pos- 
sibly urological study in addition to further bacteriological investigation. 
The collection of urine samples for follow-up studies does not require a 
catheter. ‘‘Clean-void”’ midstream samples are quite suitable. 

There is no convincing evidence that prophylactic antimicrobial 
therapy offers any protection to patients undergoing lower urinary tract 
instrumentation or surgery.2° When and if such patients become infected, 
then the principles apply in management of urinary tract infection as 
already outlined. 
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BACTERIAL INFECTIONS 


THE NORMAL human skin forms an excellent protection against bac- 
terial infection. It is extremely difficult to produce experimental skin in- 
fections, for in addition to the presence of a pathogenic organism, other 
changes, perhaps more subtle than a mere break in surface continuity, 
are necessary before infection can occur. The skin surface is never sterile 
nor can it be made so without producing epidermal damage. 

The surface lipid film and sebaceous secretions form a rich culture 
medium for some bacteria, and the norma] skin flora is extensive and 
variable, depending not only on personal habits and cleanliness but also 
on climatic conditions and the degree of sweating. Regional variations 
are also important; thus in the axillae sweating and maceration support 
a resident flora different from that in the external ear where the culture 
medium is cerumen. It is important to differentiate these resident non- 
pathogenic organisms from those transiently acquired from the gut, 
nasopharynx or hands, which may be pathogenic though not necessarily 
giving rise to clinical infection. 

The prevention, diagnosis and treatment of skin infections in practice 
depends on an understanding of these and certain other basic concepts. 
With chronic or recurrent infections the detection of underlying systemic 
disease may be of paramount importance, and the possibility of nasal 
carriage of the responsible organism should always be remembered. 


Normal Protective Mechanisms 
The majority of all bacteria, pathogenic or not, which alight on the skin 
surface die within a few hours due to various protective mechanisms. The intact 
skin is a physical barrier, though the ostia of sweat glands and hair follicles 
form breaks in it often leading to the localization of infection at these sites. 
Sweat when produced in normal amounts is bacteriostatic, owing to its acid pH, 
Supported by Grants from the Armed Forces Epidemiology Board and the United 
States Public Health Service. 
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and may literally wash away bacteria. Lastly, substances essential for the 
growth of some bacteria may not be present on the skin surface. 

The destruction of bacteria reaching the skin surface is predominantly de- 
pendent on two processes, one physical dehydration and the other chemical due 
to the presence of oleic acid in the surface film, each mechanism showing partial 


specificity for certain organisms.” ; 
Dehydration destroys the coliform organisms which die as rapidly on the 

skin surface as on a dry glass plate. If the skin is kept artificially moist, coli- 

forms can persist for several weeks and for this reason they often colonize 


exudative eczematous lesions. 

The beta hemolytic streptococcus is rapidly destroyed on both moist and 
dry skin, this more specific bactericidal effect being due to oleic acid present in 
large amounts in normal sebum and surface film. Streptococci can survive on 
the skin for long periods if the oleic acid is removed by solvents such as acetone, 
or in the presence of serum albumin which inhibits the bactericidal effect of 
oleic acid. Streptococci can thus readily invade, colonize and secondarily infect 
areas of exudative eczema but are rarely found on normal skin. 

Pathogenic staphylococci are not affected by oleic acid and are less influenced 
by dehydration than the gram-negative organisms. It is not surprising, therefore, 
that more than 20 per cent of the population harbor pathogenic staphylococci 
on some portion of their skin surface.* 


Factors Leading to Skin Infections 


Locau. The initial lesion is usually a break in the skin surface, fol- 
lowed by exudation of serum which, in addition to inhibiting the oleic 
acid mechanism, forms an ideal culture medium for bacteria. For this 
reason patients with excoriated pruritic dermatoses often develop 
secondary bacterial infections. A macerated skin following excessive 
sweating also forms a good nidus for bacterial growth and probably 
accounts for the increased incidence of secondary infection in intertrigi- 
nous areas. It is thought, though not proved, that epidermal ischemia 
whatever the underlying cause lowers the skin’s “resistance to infection” 
and accounts for the frequency of infection in ischemic limbs. 

Systemic. Recurrent skin infections occur in many debilitating 
systemic disorders and may be the presenting sign of the underlying 
process. The most striking example of this is diabetes mellitus. In one 
year, in the Dermatological Department in Sheffield Royal Infirmary, 
one of the authors (C.V.) was able to collect 11 cases of previously un- 
diagnosed diabetes mellitus which presented with recurrent bacterial 
infections of the skin, and a further six presenting with monilial balanitis 
or vaginitis. Most patients with monilial balanitis and no mechanical 
cause are diabetics. Hepatic disease may be complicated by recurrent 
skin sepsis especially in alcoholic cirrhosis, which is so often accom- 
panied by malnutrition. A single severe bout or recurrent episodes of skin 
sepsis may be the presenting symptom of blood dyscrasias, especially 
the leukemias and agranulocytosis. 

Many other systemic disorders, especially those associated with 
alterations in the serum proteins, may be complicated by episodes of skin 
infection. Finally, it must be remembered that the patient on systemic 
steroids is just as likely to develop a skin infection as a systemic infection, 
and that, any infection apparently minor in nature may rapidly become 
more serious. 
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Laboratory and Office Tests of Value 


Whenever possible it is advisable to obtain a specimen for bacteriological 
investigation before starting antibacterial therapy. The technique of taking the 
swab is all-important. A dried-out swab which has merely been swept over the 
surface of a crusted lesion is worse than useless. Any crusts on the lesions should 
be removed and a little of the underlying exudate taken onto the swab. If 
immediate examination of the material is not possible, it may be placed in a 
tube of Stuart’s transport medium. A point often overlocked is that the area 
to be swabbed must not be cleaned with an antiseptic. Many sterile swabs are 
due to neglect of this apparently simple and obvious fact. 

Some of the simpler bacteriological investigations can easily be performed in 
the physician’s office. Examination of a film made by smearing the swab on a 
microscope slide, air drying and staining with the Gram stain will often give 
valuable clues as to the nature of the infecting organism. Fuller bacteriological 
information requires the preparation of cultures of the offending organism. 
Even this may be carried out in the office with the use of the now readily avail- 
able disposable blood agar plates. To determine sensitivities accurately, sub- 
cultures are required. Such techniques are best performed in a fully equipped 
bacteriological laboratory. However, simple examination of a stained film and 
straightforward culture will often yield all the information required. 


Basic Principles in the Treatment of Skin Infections 


The first requirement in treatment is the application of an effective 
antibacterial agent, which can reach the infecting organism in adequate 
concentration without further damaging the already injured skin. 
Autoinoculation of unaffected areas must be prevented during treatment 
and any underlying systemic or dermatological disorder recognized and 
dealt with as indicated. 

Ideally, the selection of the appropriate antibacterial agent should 
await the results of bacteriological study, but in practice a delay of two 
days waiting for this information may not be justified and may occasion- 
ally be harmful. In chronic or recurrent cases it is obviously better to 
wait for results from the laboratory. In the more acute case it is often 
possible to make a very reasonable guess as to the infecting organism, 
on clinical grounds alone, or with the aid of the Gram stain, and from 
this point initiate intelligent therapy. Too much faith should not be 
placed on in vitro sensitivity tests. An organism may be reported as 
insensitive to a particular antibacterial agent 7m vitro, but this may not 
be true with regard to topical treatment where the concentration of the 
agent at the site of infection is very high. Sensitivity tests are reported 
with reference to the likely serum levels of antibiotic obtained after 
systemic administration, which are small fractions of the local levels 
reached by topical therapy using the same antibiotic. 

With the increasing use of antibiotics, the problem of bacterial resis- 
tance looms larger, especially in hospital practice. The rapidly increasing 
number of antibacterial agents has eased this problem somewhat, though 
their very number makes the selection of an antibiotic in any particular 
case more complex. Many of the staphylococcal infections acquired 
outside hospitals are still due to organisms which are sensistive to bacitra- 
cin and neomycin and will often respond rapidly to the hydroxyquinolone 
agents. Streptococci are still almost always sensitive to penicillin and the 
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tetracyclines. Pseudomonas pyocyaneus is always a problem organism 
though polymyxin and neomycin will usually be effective. The problem 
of the resistant staphylococcus was partly solved by erythromycin, 
though there are now many staphylococci resistant to this antibiotic. 
However, it is available for topical use, and the increased local concentra- 
tion which results renders it very valuable in the treatment of resistant 
staphylococcal infections of the skin. The newer penicillinase-resistant 
penicillins?» 7 #2, 2° have revolutionized the systemic therapy of infections 
due to resistant staphylococci but they are not as yet available for topical 
use. It may well be that their potential for epidermal sensitization will 
be the same as that of penicillin, thus precluding their use topically. 

Probably the most important single factor in the selection of an anti- 
biotic for topical use is its potential as a cause of epidermal sensitization. 
The sulfonamides are now rarely used because of their propensity to 
induce severe epidermal reactions. Likewise, topical penicillin has fallen 
into justifiable disrepute!’ because of its high incidence of epidermal 
sensitization. Many better drugs are available for topical use which have 
little if any systemic use. The risk of sensitizing a patient to penicillin 
by the topical route should never be taken, as its value systemically is so 
great. Chloramphenicol, though a very effective antibacterial agent, 
sensitizes a high proportion of patients who use it topically® and should 
no longer be used except in very exceptional cases. Neomycin used 
topically because of its limited systemic use, also sensitizes a proportion 
of patients.2 Erythromycin and the tetracyclines are extremely useful 
both topically and systemically and their extremely low incidence of 
sensitization makes their topical use justifiable.? *-*! Bacitracin is 
another antibiotic with limited systemic use which is effective topically 
and has a low incidence of sensitization. 

Two other factors need to be considered: first, the antibacterial agent 
must be stable in a suitable base for topical application, and secondly, 
it should be cosmetically acceptable, though this is of minimal impor- 
tance. 

Despite their effectiveness and low incidence of epidermal sensitiza- 
tion, many of the older remedies have undeservedly fallen into disrepute 
because they are cosmetically unacceptable. Vioform (a halogenated 
hydroxyquinolone) has both an unpleasant odor and color. Potassium 
permanganate 1/10,000 stains clothing and skin, while the colors of 
Castellani’s paint and gentian violet are somewhat dramatic. Two per 
cent silver nitrate in 50 per cent industrial spirit, perhaps the best agent 
for the prevention of local spread around infective lesions, stains both 
skin and clothing black, the latter permanently. Despite this all these 
agents are extremely useful, especially in the chronic or recurrent case, 
or where epidermal sensitization is a problem. 

It is very important that the antibacterial agent reaches the site of 
infection. It is useless to treat a carbuncle with topical therapy; here 
systemic antibiotics must be administered. Conversely, systemic anti- 
bioties are of little use in the superficial forms of folliculitis. Blisters must 
be opened and crusts removed so the antibacterial agent may reach the 
organisms In maximal concentration. The removal of crusts is usually 
easy if the area is soaked in Burow’s solution, potassium permanganate 
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(1/10,000) or even sterile saline. The vexed question of epilation is still 
unsolved. In the axillary region the removal of hair makes the treatment 
less messy, but may not increase its effectiveness. In the scalp epilation 
is unnecessary, except in neglected cases of pediculosis capitis, where it 
may be helpful at least to cut the hair short in affected areas for purely 
practical reasons. 

Prevention of autoinoculation of uninfected areas is best accomplished 
by frequent changing of underclothes, the use of a germicidal soap and 
the addition of a germicidal agent to the bath water. 

The final clearing of recurrent staphylococcal infections nearly always 
depends on the recognition of the important part played by the nasal 
or perineal carrier state and its eradication.” ™ Every patient with a 
staphylococcal infection, acute or chronic, should have a nasal swab 
taken at the time of the initial examination. If pathogenic staphylococci 
are isolated, the patient should be treated by the twice daily instillation 
of the indicated antibiotic ointment. After one month the treatment may 
be stopped and further swabs taken one week later. If necessary, treat- 
ment can then be repeated. Several courses of treatment are often re- 
quired to eradicate the nasal carrier state and this part of the treatment 
must be carried out concurrently with the treatment of the skin infection 
itself. Many puzzling cases of chronic and recurrent skin infections will 
be cured by using this technique. It should also be remembered that the 
nasal carrier may not be the patient, but a member of his family. Nasal 
carriers of staphylococci often complain of minor nasal symptoms which 
frequently clear when the staphylococcus is eradicated. 


Clinical Entities and Special Points in Their Therapy 


A classification of the important bacterial infections is given in Table 1. 

Impetico. Though especially a disease of childhood, no age group is 
exempt. The lesions are superficial and bacteria are present only in the 
upper layers of the epidermis. The primary lesion, an erythematous 
macule, rapidly becomes pustular or bullous and moist, sticky crusts 
appear, covering an oozing surface. The lesions may vary from a few 
millimeters to many centimeters in size, and if untreated may persist 
for weeks. Complications such as septicemia, rheumatic fever and acute 
glomerular nephritis are rare, though not unknown.® Such complications 
have led to the use of systemic antibiotics in this disease, and in extensive 
cases or those known to be of streptococcal origin systemic antibiotics 
are certainly justifiable. 

Ritter’s disease, or bullous impetigo of the newborn, starts with the 
development of extensive bullae in the first two weeks of life. ‘These 
soon collapse and extensive crusting occurs. Rapid spread is the rule and 
if treatment is delayed, in contrast to ordinary impetigo, mucosal involve- 
ment and constitutional symptoms follow. Systemic antibiotics should 
always be used. 

Fouucutitis, Furuncuuosis, Bors AND CARBUNCLES. Superficial 
folliculitis most often affects the extremities (impetigo of Bockhardt). 
On the beard area, pili incarnati or pseudofolliculitis may cause confusion. 
In this condition, most common in the Negro, the hairs become bent 
and grow back into the epidermis, producing a foreign body reaction 
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which is easily mistaken for an area of folliculitis. Treatment consists of 
the careful removal of the affected hairs. The deeper forms of folliculitis 
may leave scarring after healing. Two clinically distinct entities should 
be mentioned. Sycos?s barbae may lead to severe scarring (lupoid sycosis), 
and folliculitis around the hair line may lead to alopecia and scarring 
(folliculitis decaluans). These two special types are very resistant to 
local therapy though epilation and superficial radiotherapy often help. 

The deepest forms of folliculitis are usually referred to as furunculosis, 
and boils and carbuncle are merely the extreme expression of this process. 
In all patients with chronic or recurrent attacks of these deeper lesions, 
underlying systemic disease and the nasal carrier state must always be 
carefully considered. 

In the treatment of chronic or recurrent furunculosis, the older forms 
of therapy are frequently extremely valuable, as the organisms responsi- 
ble are often resistant to the newer antibacterial agents. The hydroxy- 
quinolone derivatives are also very effective and painting around the 
lesion with 2 per cent silver nitrate in 50 per cent industrial spirit will 
often prevent spreading. 

Boils and carbuncles always require systemic antibiotics and may need 
surgical treatment as well, though many will resolve with antibiotics 
alone, if given early in the disease. In both conditions the prevention of 
autoinoculation is best accomplished by painting the surrounding skin 
with an agent such as 2 per cent silver nitrate in 50 per cent spirit. 

EctuymMa. This may reasonably be considered as a deep form of 
impetigo, which often leads to scarring (in contradistinction to impetigo). 
Treatment is essentially the same. 

CHRONIC PaAronycutA. Most commonly seen in the housewife whose 
hands are frequently wet, it is also seen in workers handling sugar and in 
diabetics. The yeast, Candida albicans, is responsible for the majority 
of cases by the time they are seen, though the primary lesion is often a 
bacterial paronychia which becomes invaded by monilia and certain 
bacteria especially Pseudomonas pyogenica. The disease is characterized 
by a tender swelling at the base of the nail. Often a small amount of 
white or yellowish material can be expressed from beneath the nailfold. 
A physical sign of great value is discontinuity of the nailfold over part of 
the affected nail. This is doubly important because it may represent the 
primary lesions and the mode of access of the infecting organism, and 
secondly because no patient should be considered cured until the cuticle 
is reattached to the nail plate along its full length. The nails may become 
grossly distorted during the active phase of the disease, and it may be 
months before they return to normal. Treatment is simple. The area 
must be kept completely dry by rubber finger stalls and an ointment 
containing nystatin and a suitable antibiotic (often bacitracin) applied 
twice daily. It should not be pushed under the cuticle as this retards 
healing. Treatment is time-consuming, the average case taking at least 
12 weeks for complete cure. 

ErysIpELAS. This disease, now rare, may give rise to severe con- 
stitutional symptoms. In rapidly developing cases, bullae may form and 
cause confusion with severe contact dermatitis (especially poison ivy). 
The response of erysipelas to systemic penicillin is dramatic, 
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Hyprapenrris Suppurativa. Bacterial infection of the eccrine sweat 
apparatus is rare, while that of the apocrine glands is common. It occurs 
most frequently in the axillae, though the groins are also occasionally 
involved. The condition is remarkably resistant to therapy and, though 
local and systemic antibiotics may help, recurrences are the rule. When 
the infection is localized to one or two glands, systemic antibiotics 
followed by surgical excision carries the best hope of cure. Superficial 
radiotherapy (100 rads once a week for four weeks at 75 kv.) may be 
helpful, but in the stubborn case plastic surgery with total excision of the 
area and full thickness skin grafts offers the only hope of complete cure. 


Secondary Infection of Pre-existing Dermatoses 


Although almost any dermatosis may become secondarily infected 
(Table 2), the frequency of such incidents varies with each disease. The 
basic principles of therapy are the same as those of the primary infections. 
Topical antibiotics should be used in the acute phase. If systemic symp- 
toms are prominent, then systemic antibiotics should be employed. 
Treatment of the underlying disease should be started as soon as the 
infection has subsided. Secondary infection is so common in seborrheic 
dermatitis that most dermatologists use antibiotics or chemotherapeutic 
agents routinely in the treatment of this condition. In patients with 
atopic dermatitis, insect bites or scabies, infection usually starts in 
intensely pruritic areas, following excoriation and exudation of serum. 
For some curious reason it is very uncommon to see secondary infection 
in contact dermatitis. Patients with flexural psoriasis, diaper rash and 
intertrigo often develop secondary infection but this is most commonly 
due to Candida albicans. In the female with candida intertrigo the pos- 
sibility of candida vaginitis should be considered. 

There is little information on the value of topical use of antibiotic 
steroid combinations in the treatment of infected eczema or dermatitis. 
Certainly, clinical impressions suggest that these combinations may be 
actively harmful in the treatment of impetigo and other primary infec- 
tions. In one group of children with infected atopic dermatitis, treated 
by other physicians with antibiotic-steroid combinations without success, 
healing occurred rapidly with the same antibiotic alone (this presupposes 
that the therapeutic failure was not due to antibiotic resistance on the 
part of the infecting organism).!° In a second group of children with 
infected atopic dermatitis and symmetrical lesions, antibiotic alone was 
applied to one lesion and the same antibiotic plus a topical steroid to the 


Table 2. Secondary Skin Infections 


Very common Seborrheic dermatitis 

Common Atopic dermatitis 
Scabies, pediculosis and insect bites 
Epidermophytosis 


Diaper rash 
Flexural psoriasis } Usually monilial 
Intertrigo 
Rare Contact dermatitis 
Nummular eczema 
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other. In ten of these children, there was a striking difference in the rate 
of clearing of the two lesions, that treated with antibiotic alone clearing 
on the average at least three days earlier.!9 The use of antibiotic alone 
does not seem to allow the underlying dermatosis to escape from control 
but a return to the usual therapy for the underlying disease must be 
made when infection has been cleared. 

Chronic otitis externa deserves special mention. In many cases the 
primary lesion is an irritative dermatitis secondary to chronic middle 
ear discharge. This dermatitis then becomes infected by the organism 
responsible for the ear disease (often a gram-negative and resistant 
bacteria). Even if the skin infection is cleared, continuous reinfection 
occurs from the aural discharge. The best local therapy is a combination 
of polymyxin, bacitracin and neomycin applied as drops, but close 
cooperation with the otorhinolaryngologist is required at all stages. 
Seborrheic dermatitis accounts for the majority of the remaining cases 
and here, once the secondary infection has subsided, a return must be 
made to therapy for the underlying condition. 


SYPHILIS 


With the introduction of penicillin during World War II, the problem of 
syphilis started to diminish. Treatment was grossly simplified. The proper 
penicillin treatment schedules for management of syphilis in its various stages 
and types were determined from masses of well-kept records over long periods 
of time. Very few diseases have been so thoroughly investigated in regard to a 
given therapeutic agent. 

The incidence of new syphilis diminished dramatically during the late ’40’s 
and early ’50’s. As a result, syphilis, as a disease, probably received less interest 
from the medical profession than it had for 300 years. From 1950-1960, large 
clinical centers might go an entire year with discovery of only one or two new 
cases of primary or secondary syphilis. Review of routine serological tests for 
syphilis revealed that there were so few cases of active, untreated syphilis 
detected by this means that it left serious doubt that the time and expense 
involved in routine serologic tests was worthwhile.’ #4 Syphilis, which had been 
recognized by clinicians as the disease which may mimic all other diseases, was 
being replaced by collagen diseases in this context. : 

The main problem which remained in syphilis was the interpretation of the 
positive serologic test for syphilis. This still remains practically a specialty 
within itself. The development of more reliable and specific tests for syphilis 
has been a large advance in management of the problem of a positive serology. 
Now one can get close to 100 per cent accuracy in the serologic diagnosis of 
syphilis with such tests as TPI (treponema immobilization test), RPCF (Reiter 
protein complement fixation test), FTA (fluorescent treponemal antibody test). 
There are also others which use the specific antigen derived from Treponema 
pallidum. The biologic false-positive reactor can be determined more readily 
and with greater confidence than ever before. 

Some facts gathered by the Department of Health, Education and Welfare 
are worth mentioning at this time.* 1% 17 There are now 1.2 million cases of 
syphilis in the U.S.A. In 1961 there were 4.4 cases of primary and secondary 
syphilis per 100,000 population and 60,000 cases of syphilis are being added 
each year in the U.S.A. There was a 50 per cent increase In primary and secondary 
syphilis in the U.S.A. from 1960 to 1961. The death rate from syphilis was 1.8 
per 100,000 population in 1961. 
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An alarming fact is that a large number of cases of early syphilis are going 
undetected. Many of these affected persons will not only pass the infection on 
to others but will in the years ahead develop severe incapacitating and fatal 
tertiary complications of syphilis. 


The marked rise in the incidence of early syphilis is shocking. In our 
own clinic area we are seeing ten times the number of cases of early 
syphilis that we saw three years ago. Many of these cases are in male 
homosexuals—an international finding.®: © * This group is more active 
sexually and contacts are harder to trace. In addition, primary syphilis 
in this group frequently appears in extragenital areas (e.g., anus, mouth). 
Extragenital chancres are very likely to be misdiagnosed. 

Another factor in the increasing incidence of syphilis is the decreasing 
use of penicillin in adults because of the high incidence of unpleasant 
reactions to the drug. This, of course, includes acute, fatal reactions. 
Previous widespread and indiscriminate use of penicillin no doubt 
suppressed or cured syphilis in many individuals. 

An interesting and, recently, more frequent error is with the patient 
who is treated with penicillin for an “upper respiratory infection” by 
his physician. The patient develops a Herxheimer reaction from penicillin 
in four to 12 hours consisting of an acute flare-up of his syphilitic lesions 
along with fever. The physician frequently interprets this as a “penicillin 
reaction,’’ stops the drug immediately and, unfortunately, well before the 
patient has had adequate therapy for syphilis. 


Recognition of Early Syphilis 


A. Clinical 
1. Penile lesion in male; primary lesion in female rarely noticed by patient 
. Regional lymphadenopathy (nodes firm, nontender, nonsuppurative) 
. Prolonszed gencral malaise and low grade fever 
. Recurrent “upper respiratory infection” 
Hoarseness 
. Alopecia (particularly scalp, patchy or diffuse) 
Papular lesions on palms and soles 
. White patches on mucous membranes 
. Generalized skin lesions (relatively asymptomatic) 

The diagnosis of syphilis will rarely be made if it is not included in the differ- 
ential diagnosis when any of the above clinical findings are present. Conversely, 
the diagnosis once suspected is quite simple to confirm (darkfield demonstration 
of T. pallidum and/or positive serologic tests for syphilis). 

B. Laboratory 

1. Darkfield positive (experienced person should perform) 
2. Serologic tests for syphilis 

a. May be negative in early primary stage. 

b. Always positive in secondary stage. 

c. Specific tests such as TPI, RPCF and FTA may be negative in the 
very early stage of secondary syphilis whereas nonspecific tests such 
as the routine precipitation and complement fixation tests with non- 
specific antigen (Wassermann, Kahn, Klein, etc.) should be positive. 

d. After the very early stage of secondary syphilis (3 to 6 weeks) the 
specific tests using treponemal antigen are extremely reliable. These 
tests (RPCF, TPI, FTA) will be done by State and Federal labora- 
tories if proper requests are made. Also, many local clinical labora- 
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tories are now adopting the RPCF and FTA specific tests because 
they are relatively inexpensive. These specific tests are rarely needed 
unless the nonspecific tests are positive and the interpretation of the 
positive, nonspecific test is in doubt. 
3. Spinal fluid tests for syphilis 

a. Nonspecific antigen tests are quite reliable. 

b. Rarely need to use specific antigen tests. 

e. Cell count and protein concentration are useful in detecting active 
infection in central nervous system. 

d. Not necessary in primary and secondary syphilis. 


If syphilis is not discovered in the early stages of the disease, the 
individual may develop severe, destructive lesions in any of the organs 
some three to 50 years after the original infection. However, it is well 
known that the majority of patients with untreated syphilis will live a 
relatively normal life without any major involvement of central nervous 
system, heart or great vessels, viscera, bones or skin. In fact, some of these 
individuals may spontaneously revert to negative serologic tests for 
syphilis without ever having had specific therapy. The latter should be 
stated parenthetically, because the incidence of severe late destructive 
changes is still very high, probably over 25 per cent in untreated syphilis. 

Many persons who have had untreated syphilis for two to three years 
or more will maintain, indefinitely, a positive serologic test for syphilis 
(specific and nonspecific tests). It should be remembered that adequate 
penicillin therapy will have little or no influence on these persistent, 
positive serologies. One of the common mistakes is to keep treating the 
patient with penicillin as long as he shows a positive serologic test. 

More than adequate statistical evidence and prolonged clinical experi- 
ence have shown that 9,000,000 units of penicillin given over a 10 to 14 
day period give results which cannot be improved by additional penicillin 
at any time in the future, or by bismuth, arsenicals or fever therapy. One 
should bear in mind the possibility of reinfection with syphilis, in which 
case penicillin therapy is again needed. Treatment of syphilis with 
amounts of penicillin greater than this suggests emotional rather than 
rational judgment. There is no documentation of penicillin resistance on 
the part of Treponema pallidum. 

The role of the spinal fluid test is less clear now than it was 20 years 
ago when arsenicals and bismuth were the only useful drugs in manage- 
ment of syphilis. Certainly in primary and secondary syphilis there 
is no reason to obtain spinal fluid. In a patient with subjective or objec- 
tive signs of central nervous system disease, a spinal fluid tap would 
probably be indicated whether or not syphilis was primarily suspected. 

Many of the positive serologic tests for syphilis will be in persons with 
late latent syphilis. This means that they have probably had syphilis for 
many years but do not show any clinical signs of the disease. The only 
positive evidence of disease is the positive blood test. Some of these 
subjects may have laboratory evidence of syphilis of the central nervous 
system (positive complement fixation, increased cell count, increased 
protein, or evidence of abnormal protein) without clinical evidence of 
central nervous system disease. These cases are classified as asympto- 
matic neurosyphilis. Adequate treatment for this phase of syphilis is no 
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different from the treatment for late latent syphilis. Therefore, the 
examination of spinal fluid in the late latent syphilitic becomes more a 
matter of academic than of practical importance. 

Primary syphilis and secondary syphilis respond to 6,000,000 units 
of penicillin given over a ten day period (aqueous procaine penicillin 
6,000,000 u. q.d. X 10, or procaine penicillin with aluminum monostea- 
rate in oil 1,200,000 u. every other day X 5). Also, bicillin 2.4 to 4.8 
million units can be given in one injection. This is adequate for cure of 
the-infection in early syphilis. It has the advantage of not requiring 
regular attendance on the part of the patient to complete a course of 
therapy. A disadvantage is the prolonged course of any drug reaction 
the patient might have with a long-acting penicillin. Briefly, one should 
again point out the necessity of checking the history of the patient 
regarding penicillin sensitivity and skin testing where necessary. Special 
care should be taken in giving penicillin to an atopic individual because 
of his propensity to experience fatal reactions to penicillin. If the patient 
should be found to be, or suspected to be, allergic to penicillin, one may 
substitute erythromycin 2 gm./day to a total of 20 to 40 mg. 
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WirtH THE introduction of effective antibacterial chemotherapy, the 
entire aspect of intracranial suppurative disease has been profoundly 
altered. Some of these diseases, e.g., intracranial thrombophlebitis, 
bacterial meningitis and certain cases of extradural abscess, can be 
managed entirely, and successfully, by the use of antibiotic medication; 
in others, e.g., subdural empyema and cerebral abscess, the use of anti- 
biotics has greatly facilitated the treatment, which is still ultimately 
surgical. In specific relation to brain abscess, the most gratifying effect 
has been on the mortality rate. At the Massachusetts General Hospital,’ 
for example, the mortality dropped from 80 per cent in the period 1936- 
1940 to 34 per cent in the period 1946-1950; and in a series from the 
Radcliffe Infirmary, Oxford, from 46 per cent (1938-1942) to 29 per 
cent (1943-1948), although the principles of surgical treatment of brain 
abscess were much the same throughout both periods.'* Interestingly, 
the incidence of brain abscess has not fallen correspondingly. In fact, 
in the Oxford series the incidence was actually higher during the anti- 
biotic period. Brain abscess reraains a serious matter in other respects as 
well. Although the mortality has been sharply reduced, it is still far from 
insignificant. Problems in the recognition and management of brain 
abscess remain formidable. Furthermore, the patient who survives 
surgical eradication of the abscess may be left with permanent neurolog- 


ical disabilities. 
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PATHOGENESIS 


With the exception of a relatively small number of cases in which 
infection may be introduced from the outside (compound fractures of the 
skull, intracranial operations), the occurrence of a brain abscess is 
always secondary to a focus of suppuration elsewhere in the body. 
Appreciation of the various forms of suppurative foci which underlie 
abscess and the portals by which the organisms reach the brain is an 
essential requirement for the early recognition of brain abscess and its 
effective management. An understanding of these basic facts is important 
not only in relation to brain abscess, but to other intracranial suppurative 
diseases, such as epidural and subdural empyema and meningitis, with 
which abscess may be associated and from which it has to be distin- 
guished. A considerable portion of this presentation will therefore be 
devoted to a discussion of the mechanisms involved in the genesis of 
brain abscess and related disorders. 

Chronic middle ear infection and mastoiditis are the most common 
sources of brain abscess. In the preantibiotic era, these sources accounted 
for somewhat more than half of all the cases,° and even now they repre- 
sent the most important causes.” 1° In these cases the abscess is most 
frequently found in the temporal lobe, next most frequently in the 
cerebellum, occasionally in other parts of the brain or in more than one 
of these locations. The precise location of the abscess will depend on the 
mode of spread of the infection. 


One method of spread is by direct extension in which the roof of the tympanic 
cavity or mastoid bone becomes the seat of an osteomyelitis, with subsequent 
necrosis of bone and perforation. The dura and then the leptomeninges become 
locally inflamed, covered with exudate and adherent to the infected bone and 
to the brain respectively. Penetration of these membranes by infected material 
establishes a suppurative focus in the inferior part of the temporal lobe. A similar 
sequence of events affecting the posterior wall of the mastoid antrum will lead 
to an abscess in the cerebellum. In adults, the abscesses formed in this manner 
are found more often in the temporal lobe than in the cerebellum, in a ratio of 
about 3:2. The fact that cerebellar abscess from direct extension is relatively 
more frequent in children may be explained by the observation that the roof of 
the tympanic cavity is thicker and less brittle in children than in adults. 

The pathological events which may complicate otitis media and osteomyelitis 
of the overlying bone need not conform to the sequence outlined above. Any of 
the anatomical strata traversed by the pyogenic organisms may become the site 
of a suppurative focus; an epidural or subdural abscess o1 a bacterial meningitis 
may all have the same origin, and on occasion one or more of these may occur 
together with brain abscess. The factors which determine the particular form 
of the infectious process are not understood. 

An alternate mode of spread of infection is along the walls of veins. The 
diploic vessels of the calvarium as well as major veins from the inner ear, nose 
and sinuses drain into the dural venous sinuses, which also receive blood from 
the dura, leptomeninges and brain. Thrombophlebitis of the pial veins and dural 
sinuses provide the mechanism for the formation of a brain abscess by blocking 
normal blood flow and infarcting brain tissue which is thus rendered more 
vulnerable to invasion by the infectious material. Experimental data in animals 
suggest that infarction of tissue is a most important factor in the pathogenesis. 
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A number of authors® 1° 17 have shown that injection of bacteria into normal 
brain tissue will rarely create an abscess and that, in order to do so, one must 
first damage the tissue or inject the organisms with a medium in which they are 
growing. The role of venous infarction in the pathogenesis of brain abscess in 
humans is difficult to evaluate. It is undoubtedly a factor in certain instances,” 
but whether it occurs in all cases cannot be determined. 

The intimate anatomical relationship between the lateral (transverse) sinus 
and the cerebellum explains the frequency with which this portion of the brain 
is infected via the venous route. The spread along venous channels also explains 
how an abscess may sometimes be formed in the frontal or parietal lobes at a 
considerable distance from the primary focus of infection in the middle ear. 


Infections of the nasal cavity and its accessory sinuses constitute impor- 
tant sources of cerebral abscess, although considerably less frequent 
ones than the middle ear and mastoid. The sinuses most frequently 
implicated in brain abscess are the frontal and sphenoidal, and, with 
few exceptions, the abscesses derived from them are in the frontal and 
temporal lobes respectively. The infection reaches the brain in much the 
same manner as it does from an otitis media. In some cases, an osteo- 
myelitis and necrosis of the sinus wall occurs, from which the infection 
spreads by direct extension; in others, the infection extends along the 
veins opening into the cavernous sinus, with or without an antecedent 
osteomyelitis. 

Another major category of brain abscesses are metastatic, 1.e., abscesses 
which arise from a source of infection remote from the cranial contents. 
An indication of their frequency can be obtained from the figures com- 
piled at the Mayo Clinic. Between the years 1915-1945 autopsy examina- 
tions were performed on 104 patients with metastatic abscess of the 
brain; these constituted 0.6 per cent of all autopsies and about one-third 
of all brain abscesses.* These figures are in general agreement with those 
of other large series.* *» 

The most important sources of metastatic brain abscess are the lungs, 
the pleura and the heart (including cases with congenital heart disease), 
but in addition, occasional cases will be encountered in association with 
infected pelvic organs, skin or tonsils, abscessed teeth, and with osteo- 
myelitis of noncranial bones. A detailed account of this subject is con- 
tained in the review of Gates et al.* According to these authors, 44 per 
cent of metastatic brain abscesses arise from chronic suppurative dis- 
eases of the lungs and pleura. These diseases comprise bronchiectasis, 
lung abscess and empyema; bronchiectasis is the most frequent of these 
disorders, but often they occur in combination. A nontuberculous abscess 
of the brain may occasionally be associated with fibrocaseous pulmonary 
tuberculosis, presumably because of an associated bronchiectasis. Ab- 
scesses secondary to the pleuropulmonary disease are multiple in over 
40 per cent of cases; they affect the frontal, parietal and occipital parts 
of the brain with about equal frequency, but only rarely the temporal 
lobes or the cerebellum. These features set them apart sharply from the 
abscesses of middle ear and sinus origin. 

The heart is an important source of metastatic brain abscess and may 
be implicated in two distinct ways: (1) fragments of infected vegetations 
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from the heart valves may lodge in cerebral vessels and (2) congenital 
defects may permit a short-circuiting of the pulmonary circulation, 
allowing infected emboli to reach the brain (paradoxical embolism). 


A careful distinction has to be drawn between the neuropathological effects 
of subacute and acute bacterial endocarditis. Subacute bacterial endocarditis, i.e., 
the type caused by the implantation of viridans streptococci on valves previously 
damaged by rheumatic fever, or on a patent ductus arteriosus or ventricular 
septal defect, very seldom, if ever, gives rise to brain abscess. The cerebral 
lesions of subacute bacterial endocarditis are due to the embolic occlusion of 
vessels by fragments of vegetations and bacteria, which cause infarction of 
brain tissue and a restricted inflammatory response around the involved blood 
vessels and in the overlying meninges. The spinal fluid contains moderate 
numbers of polymorphonuclear leukocytes and frequently red cells as well, but 
the sugar content is never lowered and suppuration in the brain or in the sub- 
arachnoid space does not occur. It is theorized that the chronicity of the viridans 
infection allows the nervous tissue to develop an immunity to the organisms. 
On the other hand, acute bacterial (ulcerative) endocarditis, i.e., the type which 
is commonly caused by the Staphylococcus aureus, hemolytic streptococcus or 
the pneumococcus, which runs a fulminating course and may involve normal 
valves, very frequently gives rise to multiple small abscesses in the brain, as it 
does in other organs of the body. 

Although an instance of brain abscess complicating congenital heart disease 
was described by Farre? as long ago as 1814, and isolated cases, usually dis- 
covered at necropsy, have been reported sporadically since then, it has been 
only in the past decade or two that this complication has been generally recog- 
nized during life and its frequency appreciated. In recent reports it is estimated 
that about 5 per cent of cases of congenital heart disease are complicated by 
brain abscess.*: 4 It should be emphasized that these abscesses are usually 
solitary; this fact, coupled with the realization that the underlying cardiac 
abnormality can often be corrected surgically, makes the early recognition of 
brain abscess in congenital heart disease a matter of great practical importance. 

Brain abscess may be associated with congenital heart disease at any age, 
but for some reason it is rarely seen before the third year; infarction of the brain 
due to thrombosis of arteries of veins is the usual neurological complication in 
the first two years of life. The tetralogy of Fallot is by far the single most com- 
mon anomaly associated with brain abscess, but any type which allows the 
recirculation of venous blood through the systemic circulation may be implicated. 
The filtrating effect of the lungs is thus avoided, and pyogenic bacteria or 
infected emboli from a variety of sources may gain access to the brain, where 
aided by the effects of venous stasis and perhaps of infarction, an Ricco i: 
established. At least this is the current theory of their mechanism. Bacterial 


endocarditis is absent in these cases and cannot be incriminated in the patho- 
genesis. 


Having indicated the major sources of brain abscess, it should be 
pointed out that in a relatively small proportion (5 to 15 per cent in 
various large series) a primary focus of infection cannot be found. This is 
particularly true of cases of abscess with congenital heart disease, and to 
a lesser extent of other forms of metastatic abscess. In some Gases the 
source of infection only comes to light after the brain abscess has been 
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recognized and successfully treated. In others, the primary infection 
may resolve and leave no trace by the time the brain abscess becomes 
manifest. According to Pennybacker,!* the prognosis in the latter type is 
generally favorable insofar as the resolution of the primary infection 
indicates an organism of relatively low virulence and the abscess is com- 
monly a chronic encapsulated one, which lends itself to surgical removal. 


PATHOLOGICAL FEATURES 


When the infection reaches the brain by direct extension, the abscess is regu- 
larly found adjacent to the primary focus, which is usually marked by an 
osteomyelitis and adherent, inflamed meninges. Abscesses which result from 
the spread of infection along veins are located a short distance from the primary 
site, in the distribution of the nearest major venous sinus. For example, a 
cerebellar abscess resulting from otitis media is almost always localized to the 
ipsilateral anterior superior portion of the cerebellar hemisphere (see Fig. 1); 
veins from this part of the cerebellum pass laterally to the segment of the 
transverse sinus which receives deep veins from the middle ear. Metastatic 
abscesses take the form of single or multiple suppurative foci in an arterial 
distribution, most commonly of the middle cerebral artery. 

Once the pathogenic organisms reach the neural tissue, regardless of their 
source, an inflammatory exudate forms, dominated by clusters of polymorpho- 
nuclear leukocytes surrounding the vessels. The affected brain tissue undergoes 
necrosis. The center of the lesion is occupied by bacteria, necrotic brain tissue 
and leukocytes in different stages of disintegration. Surrounding the necrotic 
tissue are edematous parenchyma, macrophages, astroglia, microglia and many 
small veins, some of which show endothelial hyperplasia and are filled with 
fibrin and cuffed with polymorphonuclear leukocytes. At this stage, which is 
rarely observed post-mortem, the necrotic tissue is poorly circumscribed and 
tends to spread by a coalescence of inflammatory foci. To this local suppurative 
encephalitis or immature abscess the term cerebritis is often loosely applied. 

Soon the intensity of the reaction begins to subside, and the infection tends 
to become delimited. The center of the abscess takes on the character of pus, 
i.e., a liquefied mass of fibrin and neutrophils in various stages of degeneration; 
at the periphery, fibroblasts proliferate from the adventitia of newly-formed 
blood vessels to form a wall of granulation tissue, which is readily seen within 
2 weeks of the onset of the infection. As the abscess becomes more chronic the 
granulation tissue is replaced by collagenous connective tissue. The inner layer 
of this wall is made up of degenerating neutrophils and fibrin, and the outer 
fibrous capsule merges with a zone of altered tissue where lymphocytes and 
plasma cells, some lying free and others cuffing the vessels, hyperplastic astro- 
cytes, small foci of necrosis, thrombosis of small vessels and edema of the white 
matter are principal changes. The latter findings emphasize the fact that, 
although the abscess appears to be delimited and in a reparative phase, there is 
still evidence of infection remote to it. Eventual occlusion of the more peripheral 
vessels could conceivably result in extension of the abscess toward the satellite 
necrotic zones. It has also been noted, in both experimental animals and humans, 
that the capsule of the abscess is not of uniform thickness, frequently being 
thinner in its deeper portions. All of these factors account for the propensity of 
cerebral abscesses to spread deeply into the white matter, to produce daughter 
abscesses or a chain of abscesses, and to culminate in a catastrophic rupture 


into the ventricles. 
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BACTERIOLOGICAL CONSIDERATIONS 


In the past, the bacteriological aspects of brain abscess were largely 
academic, except for the common belief that the process of encapsulation 
was influenced by the type of organism.!: ? This supposition has not been 
borne out clinically or experimentally.* * With the advent of the anti- 
biotic era, bacteriological considerations have assumed new importance. 
In the local and systemic treatment of brain abscess, antibiotics have an 
important role, and their appropriate use depends on accurate bacterio- 
logical studies. ; 

The organisms responsible for brain abscess are remarkably diverse. 
The abscess may contain only a single organism, but more frequently 
several organisms are present. In abscesses derived from the middle ear 
and the paranasal sinuses, the most common organisms (and fortunately 
the most sensitive) are staphylococci, streptococci and pneumococci, 
but various anaerobic strains of streptococci and coliform, diphtheroid 
and fusiform bacilli may also be present. 

Metastatic abscesses are caused by an even greater variety of patho- 
gens. The exciting organism of the abscess usually reflects the organism 
or organisms of the primary focus. Virtually every bacterial inhabitant 
of the throat and lungs is a potential causative agent. Anaerobic strep- 
tococci are commonly found in the abscesses complicating congenital 
heart disease, but again, a wide variety of organisms, frequently multi- 
ple, may be found. Abscesses arising from acute bacterial endocarditis 
yield a relatively limited number of organisms which have already been 
enumerated. Unusual instances of abscess may be due to the typhoid 
bacillus, Entamoeba histolytica, actinomyces, blastomyces, aspergillus, 
coccidioides, cryptococcus, nocardia, Candida albicans and a myriad of 
other bacilli, fungi and parasites. 

In a small number of cases, the pus from an abscess will be sterile. 
Blood cultures show a growth only in rare cases associated with septi- 
cemia. As a rule, the spinal fluid yields no growth unless the abscess is 
associated with purulent meningitis, which results from the rupture of an 
abscess into a ventricle, or from development of both a meningitis and an 
abscess from a common source. In these cases it is possible that more than 
one organism may be cultured from the spinal fluid, a situation which 
should always alert one to the presence of an underlying abscess. 


FEATURES OF CLINICAL AND DIAGNOSTIC IMPORTANCE 


A reconstruction of the history of patients with cerebral abscess 
discloses that the initial symptom of intracranial infection is most often 
headache. This usually intrudes itself at a time when the attention of 
both physician and patient are focused on some aspect of the primary 
infection. The appearance of headache, or any neurological symptom 
which cannot be explained by the primary infection, should alert the 
physician to the danger of an abscess. Or, in the patients without an 
obvious focus of infection, the headache may come on abruptly, on a 
background of mild, general ill health or congenital heart disease. Other 
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presenting symptoms, roughly in order of their frequency, are drowsiness, 
confusion and stupor, generalized or focal seizures, nausea and vomiting, 
and focal motor, sensory or speech disorders. 

In about half the patients the headache is more severe on one side, in 
which case it indicates the side of the abscess. The headache increases in 
severity as the disease progresses and is accompanied by other signs of 
increased intracranial pressure, viz., nausea and vomiting, depression of 
the state of consciousness and papilledema, the latter sign being a late 
development in about half the cases. Localizing neurological signs are 
present sooner or later in almost all cases, but, like papilledema, they 
occur relatively late in the course of the illness and one should not wait 
for their development in order to establish a diagnosis of brain abscess. 

The nature of the focal signs will, of course, depend on the locality of 
the abscess. In frontal lobe abscess, these signs usually take the form of 
hemiparesis, focal seizures and, with involvement of the dominant 
hemisphere, aphasia, grasping and sucking reflexes or variants thereof 
may also be present. An upper homonymous quadrantanopia is charac- 
teristic of a temporal lobe lesion and, if the dominant lobe is affected, 
Wernicke’s aphasia (a misuse of words and an inability to read and 
write and to understand spoken commands) or a lesser degree of aphasia, 
particularly a failure to name common objects, may be present. An 
abscess of the parietal lobe, right or left, will show a homonymous 
hemianopsia or visual inattention, an impairment or abolition of optico- 
kinetic nystagmus and a cortical sensory syndrome (loss of position sense 
and discriminative sensation with relative preservation of vibration, 
touch and pain sense.) In addition, a lesion of the dominant parietal lobe 
will result in an impairment of language function, whereas patients with a 
lesion of the nondominant lobe may show anosognosia as well as neglect 
of the opposite side of the body and of space. The main manifestation 
of an occipital lobe lesion will be a homonymous hemianopsia. Cerebellar 
abscesses will give rise to the characteristic disorders of gait and coordina- 
tion referable to that organ. Often the focal signs tend to be obscured by 
the patient’s drowsiness, stupor and general ill-health, and one must be 
persistent in attempting to elicit them. 

It should be emphasized, if it is not apparent from this brief review of 
the clinical features, that the picture of brain abscess is far from stereo- 
typed. Whereas headache may be the most prominent feature in most 
patients, seizures or certain focal signs may predominate in others, and a 
considerable number of patients will present with the signs of increased 
intracranial pressure. Attempts have been made by some authors to 
divide the clinical course of brain abscess into three or four distinct 
stages, with the implication that these follow one another in a predictable 
sequence. Such a concept does not coincide with our experience. In many 
instances the symptoms evolve swiftly, new symptoms being added day 
by day. In patients with metastatic brain abscesses of known origin, 
the duration of the illness, from the first symptom to the time of death, 
is five to 14 days in half the cases.* Although a tempo of evolution of 
such rapidity is not universal, it does illustrate the speed with which this 
disease process can run its course. 
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Other cases will evolve more slowly, and a small number will run such 
an indolent course that a mistaken diagnosis of neoplasm is made. An- 
other impressive feature is the unpredictability with which the symptoms 
of brain abscess may evolve; this is particularly true in children. Thus a 
patient whose clinical course seems to have stabilized or is advancing 
very slowly, may in a matter of hours or within a day reach a most 
advanced or irreversible state. All these features need to be taken into 
account in the management of the patient. 

Usually the patient with brain abscess shows a moderate temperature 
elevation to between 100 and 102° F. and a polymorphonuclear leukocy- 
tosis, but occasionally a particularly chronic, well encapsulated abscess 
may exist without any fever. The cerebrospinal fluid pressure is mod- 
erately increased (200 to 300) in the average case, and may be very high 
in advanced cases. In the absence of a generalized meningitis, the cell 
count ranges from 20 to 300, occasionally higher or lower, with 10 to 80 
per cent neutrophils. In a few cases there are only lymphocytes, and very 
occasionally there are no cells at all. The protein content is usually 
elevated, at times over 100 mg. per 100 ml., but the sugar is never 
lowered unless there is a concomitant suppurative meningitis. 

Roentgenography of the chest and skull and electroencephalography 
are so readily available and so undisturbing to the patient that they must 
always be performed as a routine extension of the physical examination. 
The importance of skull films in detecting disease of the middle ear, 
mastoid and sinuses and a shift of the pineal gland is obvious. In infancy 
and early childhood, a separation of the cranial sutures may be the most 
informative sign of increased intracranial pressure. The electroenceph- 
alogram is a valuable aid in the localization of cerebral abscess, usually 
showing a focus of high voltage slow activity over the abscess area. In 
most cases, special diagnostic measures have to be employed to confirm 
the diagnosis. Scanning the brain after the intravenous injection of 
radioactive arsenic or copper may prove useful in detecting an abscess, 
but this technique is not available everywhere. Carotid angiography 
is usually a satisfactory method for localizing an abscess in the presence 
of increased intracranial pressure. Matson and Salam have made 
the point that in cyanotic congenital heart disease, with a high degree 
of polycythemia, angiography increases the danger of vascular occlusion, 
and they advise that air studies be used under these circumstances. 
Another commonly employed measure, introduced by Kahn," in 1939, 
consists of the injection of 2 to 3 ml. of Thorotrast in the abscess cavity 
at the time of initial aspiration. This radiopaque substance is taken up 
by phagocytes in the wall of the abscess, so that the size of the lesion in 
response to treatment can be observed. 


Differential Diagnosis 


In the differential diagnosis of brain abscess, the following disorders 
have to be considered: epidural abscess, subdural empyema, cerebral — 
thrombophlebitis, focal embolic encephalomalacia due to subacute 
bacterial endocarditis, acute necrotizing hemorrhagic encephalopathy, 
neoplasm, and occasionally massive ischemic infarction. 

An extradural abscess rarely reaches sufficient proportions to cause in- 
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creased intracranial pressure or focal neurological signs. Irregular fever, 
local headache and tenderness over the affected region and mild pleo- 
cytosis of the spinal fluid are its main manifestations. It can often be 
treated effectively by antibiotics alone. 

Subdural empyema is a highly lethal complication of frontal sinusitis 
and osteomyelitis, and rarely of otitis media. The subdural pus accumu- 
lates over the frontal lobe, and in rapid sequence the patient develops 
high fever, stiff neck, and hemiplegia. The spinal fluid is sterile, but under 
high pressure and contains several hundred or a thousand or more 
neutrophils. The exceedingly rapid tempo of evolution, the findings on 
spinal fluid and angiographic or diagnostic burr-hole examination help 
to distinguish subdural empyema from brain abscess. 

Intracranial thrombophlebitis is a frequent complication of suppurative 
meningitis, usually manifesting itself four to ten days after the onset of 
meningitis by a burst of seizures, focal neurological signs and a recrudes- 
cence of fever. In other cases the lateral, cavernous or superior longitudi- 
nal sinuses are affected by spread of infection from the middle ear, skin 
of the face, or the frontal sinus, respectively. All three forms are charac- 
terized by high remittent fever. Cavernous sinus thrombosis of the 
superior longitudinal sinus produces papilledema, edema and engorge- 
ment of the scalp, monoplegia or paraplegia. 

The cerebral manifestations of subacute bacterial endocarditis and their 
distinction from those of the acute variety have already been men- 
tioned. Acute necrotizing hemorrhagic encephalopathy is the term applied 
to a relatively rare disorder which occurs on a background of mild 
respiratory symptoms and is thought by some to represent a hypersen- 
sitivity state. It is characterized by fever, headache, stiff neck and the 
rapid evolution of crude focal neurological signs, stupor and coma. The 
spinal fluid contains many polymorphonuclear leukocytes and red cells, 
but the sugar content is not lowered. Pathologically, one sees a large 
asymmetrical discolored lesion, which consists of a widespread necrosis 
of tissue, including the blood vessels. The fulminant clinical course of 
this disorder, the eventual bilaterality of the neurological signs, the lack 
of an obvious source of infection and, as a rule, the spinal fluid findings 
help to distinguish it from cerebral abscess. 

Rare instances of indolent and well encapsulated abscesses, which may 
run an afebrile course and excite only a few lymphocytes and modest 
elevation of protein in the spinal fluid, may be very difficult to distin- 
guish from neoplasm. In fact, most neurosurgeons have had the experi- 
ence of resecting what they thought was a neoplasm, only to discover an 
abscess. Occasionally, occlusion of a major cerebral artery and massive 
infarction of brain tissue may cause swelling of the hemisphere and an 
outpouring of neutrophils in the spinal fluid; the distinction from brain 
abscess should not be difficult. 


THE MANAGEMENT OF BRAIN ABSCESS 


The presence or absence of brain abscess is ultimately determined by 
exploring the brain with a ventricular needle, through a burr hole or 
small craniotomy. This procedure not only confirms the diagnosis but 
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represents the first step in treatment. In patients who are seriously ill 
and deteriorating rapidly, the more refined diagnostic measures such as 
arteriography and air studies may be dispensed with, and aspiration 
carried out on the basis of clinical localization alone. 

If a septic focus is discovered, Thorotrast and a mixture of broad- 
spectrum antibiotics are injected into the area after the pus is aspirated. 
Cultures of the pus are made to determine the appropriate antibiotic 
treatment. X-ray films are then taken to determine the size and position 
of the lesion. 


Two principal methods are used in the subsequent neurosurgical management 
of the abscess: one consists of repeated aspiration of the septic focus, and the 
other utilizes initial aspiration followed by total excision of the septic area. 
These methods are not mutually exclusive, and in most patients both aspiration 
and excision are employed. Repeated aspiration is the treatment of choice if the 
abscess is deeply located, poorly encapsulated or located in a strategic motor or 
speech area. In a relatively small number of patients this procedure alone 
succeeds in obliterating the abscess, as judged by successive films of the Thoro- 
trast-outlined cavity. Pennybacker'® has reported 10 such patients in a series 
of 70 survivors. However, before accepting such patients as cured, they must 
be free of symptoms and signs, the Thorotrast-encrusted cavity must be shriveled 
up, the spinal fluid should be clear, and ventriculography should disclose no 
abnormalities. 

Most surgeons are reluctant to depend on the effects of aspiration alone, since 
abscesses frequently have multiple noncommunicating loculi, only one of which 
is being tapped and visualized by Thorotrast. In fact, while one abscess cavity 
is healing, another may be ripening for rupture. Therefore, repeated aspiration, 
supplemented by the liberal use of local and general antibiotie therapy, are 
employed, with the purpose of tiding the abscess over to a chronic state, at 
which time total elective excision can be carried out. If the patient’s condition 
permits, this is the method generally favored, since the excision of a well- 
encapsulated abscess is far less damaging to the brain tissue than the wide 
excision of a poorly demarcated area of suppuration. 

On other occasions, however, aspiration alone fails to improve the clinical 
state, or to halt the progressively deteriorating course. If the patient’s life is 
threatened by deepening coma, incipient rupture of the abscess into the ventricle 
and increasing intracranial pressure, the surgeon may be forced into immediate 
excision of the septic area, despite the increased hazards of operating under 
such circumstances. 


It can be seen from even this brief review that the surgical treatment 
of brain abscess is a difficult and complex problem, and one that cannot be 
standardized for all patients. It is not important, from the practitioner’s 
point of view, to be conversant with all the controversial details of 
surgical management. It is important to reiterate that early recognition 
is the key to effective management. One must therefore develop an 
awareness of the circumstances in which brain abscesses form, of the 
signs that indicate the infection has invaded the brain, and of the speed 
of evolution and unpredictability of the clinical course in many patients. 
It is advisable, as soon as the presence of intracranial suppuration is 
suspect, to call for the help of a neurologist experienced in this category of 


Brain Abscess 1365 


disease. From that point onward, neurologist and neurosurgeon must 
work closely together in choosing the appropriate diagnostic measures 
and the moment of surgical intervention. 


ILLUSTRATIVE CASES 


The following brief case reports are intended to highlight certain 
clinical and pathological features of brain abscess and to illustrate some 
of the difficulties in diagnosis and management. 


Case I. An 8 year old boy was admitted to another hospital with otitis 
media and mastoiditis, fever, nausea and vomiting. Antibiotics were adminis- 
tered for 1 week and he was discharged. One month later there was an abrupt 
onset of headache, associated with vomiting and diplopia. He was readmitted 
to the hospital, where daily elevations of temperature to 101° F. were noted. 
He complained of diplopia and pain in the neck and became progressively more 
lethargic. Only after 10 days was the spinal fluid examined, disclosing 125 white 
cells (50 per cent neutrophils), protein 50 mg./100 ml., and a normal sugar. A 
few hours following this procedure he lapsed into coma. He reached our hospital 
in a respirator, where he died an hour later. 

Necropsy disclosed a large cerebellar abscess (Fig. 1) from which alpha 
hemolytic streptococci were cultured. There was evidence of massive herniation 
of the cerebellar hemispheres through the foramen magnum. 


Comment. The abrupt onset of headache signified the spread of 
infection from the middle ear to the intracranial structures. Investigative 
procedures should have been instituted at that time and not ten days 
later, at which time the intracranial pressure was very high and the 
lumbar puncture probably precipitated herniation of the cerebellum. 
The infection most likely reached the cerebellum via the veins; the loca- 
tion of the abscess and the tempo of the clinical course were quite 
characteristic. 


Case II. The patient was a 5 year old boy who began to complain of head- 
aches 3 weeks before admission. The headaches became progressively more 
severe and were accompanied by anorexia and vomiting, and, shortly before 
admission, by increasing lethargy. He was known to have had a heart murmur 
from infancy, and since then he had progressive symptoms of myocardial 
insufficiency and intermittent cyanosis. 

Initial examination disclosed an unresponsive child with a rigid neck, but no 
focal neurologic signs. There was a harsh systolic murmur and thrill along the 
left parasternal border. The spinal fluid was under a pressure of 270 mm. H,0 
and contained 10,800 white blood cells, practically all neutrophils; no organisms 
were seen on smear or culture but the sugar content was greatly reduced. Blood 
cultures also showed no growth. The white blood count was 17,600 with a 
marked shift to the left. He was treated with broad-spectrum antibiotics. 

Ventriculography was thought to show a shift of the fourth ventricle and 
aqueduct to the right and for this reason the cerebellum was tapped, with 
negative results. Later the left pupil became dilated, and the temporal and 
parietal lobes were needled, again without results. The intracranial pressure 
continued to rise, the patient became decerebrate, both pupils dilated, and he 
died 10 days after admission. 


. . 


Postmortem examination revealed the characteristic cardiac anomalies of the 
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Fig. 1 (Case I). Above: Brain 
after fixation, demonstrating a 
swollen right cerebellar hemi- 
sphere with marked compres- 
sion of the medulla by herni- 
ated cerebellar tissue. Below: A 
horizontal section through the 
right cerebellar hemisphere 
showing early incomplete cap- 
sule formation at the medial 
margin of the abscess. 


tetralogy of Fallot. There was a healing meningitis and a solitary left thalamic 
abscess, which is illustrated in Figure 2. Samples from both the meninges and 
the abscess were sterile. 


Comment. This case exemplifies the common association of congenital 
heart disease, particularly the tetralogy of Fallot, and a solitary brain 
abscess. The primary source of infection was not discovered, but it was 
probably responsible for both the abscess and the meningitis. The air 
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Fig. 2 (Case II). A solitary, encapsulated, subependymal abscess is seen in the left 
thalamus, distorting the lateral ventricle. 


study was ‘imperfect and failed to show a large thalamic abscess. Arteri- 
ography, which may have shown the lesion, was unfortunately not per- 
formed. 


Case III. Six days before admission this 29 year old man had the onset of 
severe occipital headaches, which soon became generalized and constant. These 
were followed in rapid succession by fever, nuchal rigidity, vomiting and lethargy 
and coma. Four months before his final admission, he was hospitalized with 
high fever, vomiting, abdominal pain, mild jaundice and tenderness of the liver. 
These symptoms improved, but 1 month later he again had fever and chills, 
this time with right-sided chest pain. Again, he seemingly recovered from these 
symptoms before the present illness began. 

Examination on admission showed a fever of 102° F., marked nuchal rigidity, 
blurred optic discs, convulsive movements and probably paralysis of the right 
hand and arm. He was in deep coma. The spinal fluid was under a pressure of 
390 mm. HO and contained 320,000 white cells, almost all polymorphonuclears. 
The sugar content was 15 mg./100 ml. and in subsequent examinations rose to 
36 mg./100 ml.; the protein ranged from 700 to 1500 mg./100 ml. Chest films 
showed infiltration of the middle lobe with rounded radiolucent areas; this was 
interpreted as a staphylococcal pneumonia with abscess formation. Despite 
treatment with chloramphenicol, sulfisoxazole and erythromycin the patient 
never recovered consciousness and the fever continued. On the sixth day he 
developed supraventricular tachycardia and died shortly thereafter. 

Autopsy showed focal healing liver abscesses, multiple abscesses of the middle 
lobe of the right lung and multiple brain abscesses, one of which had ruptured 
into the right ventricle. These lesions are illustrated in Figure 3. There was 
also a widespread ventriculitis and meningitis. A nonhemolytic Staphylococcus 
albus, coagulase-positive, was cultured from all the abscess sites. 
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Fig. 3 (Case III). There are healing abscesses in the liver (above, left) and in the lung 
(above, right) and small metastatic abscesses in both cerebral hemispheres (below). 


Comment. The sequence of clinical events involving liver, lungs and 
brain are readily explained by the pathological findings. The meningitis 
and the inordinately high white cell count in the spinal fluid were the 
result of rupture of an abscess into the ventricle. This case also empha- 
sizes the differences between abscesses in the brain and other parts of the 
body. Whereas the abscesses in the liver had healed, and those in the 
lung were partially healed and well tolerated, the nervous parenchyma 


proved very vulnerable, offering virtually no defense against the ful- 
minant spread of the infectious process. 
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Case IV. A 12 year old girl was admitted to the hospital with a history of 
left-sided headache, nausea, vomiting and sommolence of 2 weeks’ duration. 
Three days before admission the Symptoms became much worse and she was 
intermittently confused. She was known to havefa chronic mastoiditis, and 
three mastoidectomies had been performed in the past, but these had failed to 
control the intermittent drainage from her left ear. 

Examination disclosed a flushed, drowsy,young girl who responded slowly and 
somewhat inaccurately and complained of left frontal headache. Temperature 
ranged from 98 to 100° F. There was a mild right facial weakness and a question- 


Fig. 4 (Case IV). Above, The left temporal lobe is swollen and the uncal portion had 
herniated through the tentorial opening. Thickened, adherent dura marks the abscess 
tract. Below, Coronal section of the brain disclosed a large encapsulated abscess in the 
left temporal lobe; the left lateral ventricle is compressed and shifted to the right. 
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able Babinski sign on that side. The spinal fluid was under a pressure of 290 mm. 
HO and contained one granulocyte and five lymphocytes. The protein content 
was 73 mg./100 ml. and the sugar was normal. The electroencephalogram 
showed diffuse slow activity, most pronounced in the left posterior temporal 
region. She died a few hours after ventriculography was performed. 

At autopsy the meninges over the petrous portion of the left temporal bone 
region were thickened, discolored and adherent to the contiguous brain tissue. 
A well-encapsulated abscess of the temporal lobe was found in relation to the 
thickened meninges (Fig. 4). 


Comment. This is an example of temporal lobe abscess that spread 
from an infected middle ear by direct extension. The investigation and 
treatment should have begun two weeks before her admission to the 
hospital, when the symptoms clearly indicated that the infection had 
spread intracranially. 
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THE GUILLAIN-BARRE SYNDROME Is an eponymous designation for acute 
or subacute polyneuritis of unknown etiology. The failure to identify 
a specific etiologic agent or to elucidate the pathophysiologic mechanism 
probably accounts for the considerable disagreement among authorities 
regarding the limits defining this disorder.!: * ?: 4, 3° Harly publications 
describing a few cases failed to establish the wide spectrum of peripheral 
neurologic dysfunction which may occur.!® 1 

Although the symptoms and signs are of peripheral nerve disease, 
autopsy studies occasionally demonstrate inflammatory and demyelinat- 
ing areas in the central nervous system as well as in the peripheral nerve. 
The lesions described closely resemble the changes observed in experi- 
mental animals sensitized to homologous nervous tissue.!: * The neuro- 
pathologic resemblance to these experimental states and the demonstra- 
tion of complement fixing antibodies to nervous tissue in patients with 
Guillain-Barré syndrome!® suggests the disease is a hypersensitivity 
reaction. The nature of this hypersensitivity has not been established; 
however, the disease is often associated with a recent and relatively 
nonspecific illness which may have triggered an allergic process. 


RECOGNITION 


To emphasize the clinical features of acute polyneuritis of unknown 
cause, we have reviewed 48 patients referred for management to Cleve- 


* Presently at The Children’s Hospital, 300 Longwood Avenue, Boston, Massa- 


chusetts. 
iv 
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Fig. 1. Age distribution of patients with Guillain-Barré syndrome (range 16 months to 
62 years). C.M.G.H., 1946-1960. Black areas indicate distribution of fatal cases. 


land Metropolitan General Hospital (City Hospital) between 1946 and 
1960. Two-thirds of these cases were admitted in the last five years of 
the period reviewed, suggesting that the disease is increasing in frequency. 
A similar observation has been made by others.!7 No seasonal variation 
has been noted. 

All ages appear to be equally susceptible to the Guillain-Barré syn- 
drome (Fig. 1). The distribution demonstrated is consistent with age 
distribution in the community as determined in the 1960 census." The 
disease affects males more often than females: there was a 56 per cent 
male incidence in our series and a 3:2 male to female frequency in 174 
cases in the literature,” ® 17, 19, 20, 22, 23, 24, 28, 81 excluding the Armed 
Forces Institute experience.” 

Four (8 per cent) of the patients were Negro, a figure in keeping with 
percentage of Negroes in the population served by the hospital. This 
experience and others! !” is at variance with the previously suggested 
lower susceptibility in Negroes.” 

Except for the occurrence of a nonspecific illness preceding the onset 
of symptoms of Guillain-Barré syndrome, there are no consistent predis- 
posing factors apparent. Two of our patients and two of those of the 
Armed Forces Institute! were chronic alcoholics. There was no clear 
relationship to recent immunization in children. Acute illnesses occurring 
within 16 days of the onset of symptoms were reported in 25 (52 per 
cent) of our cases. Fifteen had upper respiratory infections and 13 had 
gastrointestinal symptoms or both. Overlapping of the nonspecific 
illness and the onset of polyneuritic symptoms was frequently observed. 

Specific entities associated with Guillain-Barré syndrome in our series 
were rubella, rubeola, atypical pneumonia and infectious mononucleosis. 
Atypical pneumonia and infectious mononucleosis have been reported in 
association with this disease by others.2 § 2 
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The earliest symptoms of the disease were sensory or motor distur- 
bances in the extremities. Paresthesias, numbness or pain were described 
by 40 (83 per cent) of the patients. Muscle weakness was noted first by 
eight (17 per cent). Back pain was reported by four individuals, and 
sensory and motor dysfunction in cranial nerve distribution was the 
first indication of illness in two individuals. 

Earliest muscle weakness noted was in the lower extremities in 22 and 
in upper extremities in seven. In 13 cases, the onset of weakness was so 
rapid that two or more areas appeared to become involved simulta- 
neously ; all four extremities were paralyzed suddenly in six subjects and 
limb, trunk and cranial nerves in seven. Muscle weakness often occurred 
abruptly while a patient was physically active; other individuals 
awakened from sleep with profound paresis.!2 The most severe muscle 
involvement tended to be proximal in distribution in contradistinetion 
to the sensory symptoms which were largely distal. Oculomotor and 
facial weakness was seen as the earliest evidence of motor impairment 
in four cases. 

Ataxia was noted out of proportion to the degree of muscle impairment 
in three of our cases. 

Headache was reported by ten (23 per cent) of the patients. However, 
sensorium was invariably clear. 


PROGRESSION OF SYMPTOMS 


Progressive weakness characterizes the Guillain-Barré syndrome while 
sensory changes are not invariable. Since sensory testing represents the 
most exacting part of the neurological examination, it is evident that 
sensory assessment might not correlate well with the more readily 
detectable motor impairment. In general, hypalgesia, hypesthesia and 
hyperpathia were frequently (31 [70 per cent] of the patients in our series) 
noted, particularly in distal distribution in both upper and lower extremi- 
ties, most frequently the latter. Impaired position and vibratory sensi- 
bility were common, particularly when ataxia was a major presenting 
sign. 

Progression of weakness is diagrammatically represented in Figure 2. 
The pattern of muscle impairment was variable in axial distribution but 
fairly consistently symmetrical. Muscle pain and tenderness was ob- 
served in approximately half of the cases. Tendon stretch responses were 
diminished or absent in areas of involvement, and superficial reflexes 
were reduced or absent in a majority of cases. Fasciculations were 
infrequently observed, and atrophy was ordinarily not profound. 

In our series cranial nerve involvement occurred in 35 cases (76 
per cent) (Table 1); 28 exhibited multiple involvement; six showed 
facial involvement alone; and one had isolated involvement of oculo- 
motor nerves. Diplegia was observed in 20 of 2’ cases with facial paresis, 
and 24 patients had impaired swallowing function. 

Respiratory impairment severe enough to require support of respira- 
tion in the tank respirator occurred in 21 patients (44 per cent). This 
apparent high frequency of severely involved cases may have been by 
selection since the hospital serves as a regional respiratory care center. 
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Fig. 2. Distribution of initial motor impairment and pattern of progression in 48 cases 
of Guillain-Barré syndrome. 


The clinical course was more rapidly progressive in the patients who 
developed respiratory failure (Fig. 3). The mean difference of the dura- 
tion of progression of paresis between patients with respiratory paralysis 
and those without respiratory involvement is highly significant. Severe 
respiratory insufficiency was almost invariably complicated by involve- 
ment of bulbar musculature. 

Fever is not characteristic of acute polyneuritis: 18 of our cases had 
fever, but this was due to complicating infection in all but four. Urinary 
incontinence or retention was observed transiently in about 25 per cent of 
our cases, and fecal incontinence in two individuals. 

The occurrence of hypertension in patients with Guillain-Barré syn- 
drome has not been emphasized in previous writings but was an impres- 
sive feature of this illness in our experience. Diastolic pressures in excess 
of 90 mm. Hg in adults and 15 mm. Hg above normal in children were 
observed in 29 (60 per cent) of the cases reviewed. Blood pressure meas- 
urements were recorded at least four times daily in 39 cases; 20 of these 
patients had respiratory failure and 19 did not. The difference in occur- 
rence of hypertension in the patients with respiratory insufficiency 
(95 per cent) and those without (53 per cent) is highly significant. 


Table 1. Frequency and Distribution of Cranial Nerve Involvement in 48 
Patients with the Guillain-Barré Syndrome 


CASES 
LOCATION Number Per cent 
Cranial Nerves 35 76 
LL SLVe Val 5 11 
V 8 U7, 
VII 28 61 
IX, X 24 52 
XL 10 22 
XII 3 fe 
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Fig. 3. Duration from onset to cessation of progression of motor impairment in 48 
patients with Guillain-Barré syndrome. 


That hypertension in these patients represents a disturbance in neural 
control and correlates best with severity of involvement is supported by 
the observed occurrence in patients without respiratory paralysis and 
the fact that hypertension was noted one to four days before the develop- 
ment of respiratory muscle involvement in seven cases. 

In general, hypertension was a transient phenomenon noted at the 
height of the illness. A few patients, however, ran persistently elevated 
pressures for over three months. 

A remarkably labile blood pressure was a bad prognostic sign, being 
reported in five cases all terminating fatally. 

Nuchal rigidity was observed in approximately one-third of our 
cases. 


LABORATORY FINDINGS 


Peripheral blood studies revealed no characteristic pattern in this condition. 
The hemoglobin and red and white cell counts were normal unless the picture 
was complicated by infection. Differential smears revealed no specific abnor- 
mality with the exception of atypical lymphocytes accompanying infectious 
mononucleosis. 

Urinalysis and blood chemical values were normal in the uncomplicated case. 

Serologic studies were useful only in confirming the nature of the antecedant 
illness. High cold agglutinin titers were observed in the single case recognized 
to have atypical pneumonia and were normal in 5 cases. Elevated heterophile 
antibody titers were observed in the case with infectious mononucleosis and 
not in 18 others studied. 
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Bacteriological studies of blood and spinal fluid were negative. Pharyngeal 
cultures were positive for Group A beta hemolytic streptococci in 3 instances 
but otherwise revealed nonspecific and variable flora. 

Virological studies on CSF specimens in 14 cases were negative. ECHO 6 
enterovirus was recovered from feces in a fatal case but could not be isolated 
from brain, blood, or spinal cord. Coxsackie strain Ay was isolated from feces 
in another case. A clear etiological relationship between these viruses and the 
syndrome is not established although others have also isolated viruses from 
polyneuropathy cases.?° 
Cashecpinal fluid examination revealed opening pressures elevated to 200- 
300 mm. of CSF in 10 of 48 patients. Papilledema was not observed but has 
been reported.!’ 2!” Pleocytosis of less than 10 cells per mm.? was observed in 
42 patients. The highest cell count recorded was 70. In all instances, mononuclear 
cells predominated, polymorphonuclear cells did not exceed 6 per mm.? 

Elevation of spinal fluid protein was observed in 40 of 48 cases at the time 
of admission, and a subsequent rise to abnormal levels was documented in 7 
more. Levels ranged from 40-900 mg./100 ml., but there was no apparent correla- 
tion between protein level and clinical course and the protein continued to rise as 
some patients improved clinically. (Levels may begin to fall in 1 to 6 weeks.) 
Persistently high levels were noted as long as 71 days after onset of illness, the 
earliest observed return to completely normal levels was approximately 60 days 
after onset. 


DIFFERENTIAL DIAGNOSIS 


The diverse character of symptoms of acute polyneuropathy poses a 
challenge in early diagnosis. Conditions that must be differentiated are 
poliomyelitis, postinfectious encephalomyelitis, epidural abscess, acute 
porphyria, postdiphtheritic paralysis, carcinomatous polyneuropathy, 
alcoholic nutritional polyneuritis, Wernicke’s disease and hysteria. Some 
major points in differentiating these conditions follow.! 


Poliomyelitis has a febrile course, an absence of sensory findings, and an 
irregular distribution and severity of muscle involvement. Meningeal signs are 
usually present and a definite seasonal pattern is usually observed. Significant 
pleocytosis with relatively mild protein elevations is almost invariably found. 

In postinfectious encephalomyelitis an alteration in sensorium is frequently 
observed, the course is often febrile, and convulsions may occur. Spinal sensory 
levels involving trunk and long tract signs (extensor plantar reflexes) are char- 
acteristic. Karly and severe bladder and bowel dysfunction is quite common. 

In epidural abscess fever, pain and leukocytosis with percussion tenderness 
over the spine and demonstration of a spinal fluid block are the most striking 
differential features. 

Acute porphyria is suggested by psychic aberration, abdominal pain, and 
progressive muscle impairment and the diagnosis may be substantiated by 
definite family history and the demonstration of porphobilinogen in the urine. 

Oculomotor palsy, blurred vision, delayed and relatively slow development of 
sensory-motor involvement of the extremities are observed in postdiphtheritic 
paralysis. This diagnosis may be suspected with the demonstration of myocarditis 
and confirmed by culture of the bacillus from the patient or contacts. 

Usually demonstrating a subacute course of polyneuritis, the diagnosis of 
carcinomatous polyneuropathy requires the demonstration of coexisting malig- 
nancy. 

Alcoholic Nutritional Polyneuritis. The history and poor nutritional state 
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of the patient, skin changes, burning paresthesias of the feet, and normal spinal 
fluid protein are most helpful differential features of this disorder. Postural 
hypotension, ophthalmoparesis and nystagmus in addition are observed in 
Wernicke’s disease. 

Hysteria. Anatomically and physiologically inconsistent motor and sensory 
changes, elucidation of gain from illness, and a normal CSF examination suggest 
this diagnosis. 


PROGNOSIS 


The mortality in the Guillain-Barré syndrome is reported to be from 
0" to 40 per cent.' “ In our series, nine cases (19 per cent) terminated 
fatally. Death may be abrupt, unexpected and inadequately explained 
at postmortem examination. Sudden deaths have occurred during tra- 
cheal aspiration presumably from reflex cardiac arrest. Errors in manage- 
ment clearly contributed to the observed mortality. Inadequate support 
of respiration through ill advised use of the lesser respiratory aids or 
incorrect setting of tank respirator pressures certainly contributed to the 
significant mortality. 

Atelectasis, pneumonitis and pulmonary abscesses were considered 
the major reasons for fatal outcome in six cases. 

Myocarditis was found in one case and has been noted by others.*! 
However, it is unlikely that this condition contributes significantly to 
the disease mortality. 

Survivors, in our experience, begin to show evidence of return of 
function two days to two weeks after the cessation of progression. How- 
ever, one individual showed no change for over a month. Rate of recovery 
was remarkably variable but was unassociated with relapses which 
others have described.! In quadriparetics, recovery tended to occur in 
descending pattern, the last detectable motor involvement lingering in 
the lower extremities of 19 patients. Functional levels of motor power 
were attained within four months in the majority of cases. Although 
most cases are ambulatory and essentially independent within a year, 
slow gains have been observed to occur over an 18 month period in 
a few. 


TREATMENT 


The obscure etiology of Guillain-Barré syndrome limits the clinician 
to applying supportive measures in managing patients. The most critical 
considerations in the individual case are the recognition and manage- 
ment, respectively, of airway obstruction, respiratory insufficiency and 
peripheral vascular collapse. 

Isolated severe pharyngeal and/or laryngeal paralysis is rare in acute 
polyneuropathy. Pure bulbar paresis can be managed with careful 
positioning and suctioning. However, the combination of pharyngeal 
paralysis and respiratory muscle weakness requires tracheostomy. If 
possible, the procedure should be performed electively. An adequate 
airway is assured when an endotracheal tube is first inserted and ventila- 
tion is supported. When tracheostomy is performed as an emergency, 
hypoxia may considerably increase the risk of cardiac arrest from hyper- 
active vagal reflexes. Intravenous atropine (0.6 mg.) protects against 
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vagal induced cardiac arrhythmia and arrest from tracheal manipulation. 

Although progression of muscular weakness may be rapid, there are 
several clues to impending respiratory failure. Restlessness, sleeplessness 
and apprehension are common early manifestations. These signs may be 
manifested without subjective breathlessness and without great altera- 
tion in respiratory rate and depth. Development of significant arm and 
shoulder weakness frequently precedes diaphragmatic paresis and may 
signal impending respiratory insufficiency. 

Serial vital capacity measurements are very useful in gauging the 
severity of respiratory failure. Usually, pre-illness measurements of vital 
capacity are not available; they may be estimated and compared with 
measured values as a guide to the need for artificial respiration. Vital 
capacity in children in roughly 200 ce. per year of age. Adult male vital 
capacity is approximately 25 ec. per cm. of height, and in the female 
approximately 20 cc. per em. of height. 

If vital capacity falls to approximately 50 per cent of predicted nor- 
mal, it is wise to begin brief trial periods in the tank respirator, for in 
time the patient is certain to tire and need prolonged respiratory assis- 
tance. If the patient’s initial introduction to the body respirator is not 
entirely successful, he is less overwhelmed and can gain a measure of 
reassurance in the fact that he can be taken out of the machine. It 
cannot be overemphasized how fearful patients are of the “iron lung”’ 
and appropriate management demands a sympathetic, confident and 
competent staff. 

If vital capacity falls to 30 per cent of predicted normal, respiratory 
support is mandatory. Intra-tank pressures for adequate ventilation 
vary with individuals. Pressures between 15 and 20 em. of water negative 
pressure are usually required for children and adults. Repeated tidal 
ventilation measurement while the patient is in the tank with pressure 
adjustments made to provide levels appropriate for body size as de- 
termined by a nomogram?’ is the only method to assure adequate 
ventilation. 

Frequent positioning and movement and attention to the patient’s 
comfort are essential. The patient who does not have a tracheotomy 
may be turned completely onto his abdomen in the tank to insure 
expansion of all lung segments. 

The patient with progressing disease and swallowing paralysis should 
be tracheostomized. The largest tube that can be accommodated is 
preferred. Tracheal aspiration should be carefully performed and the 
method described by Plum?’ is reeommended. 

Pulse, respiration and blood pressure should be monitored closely. 
Falling blood pressure may require support with Neo-Synephrine or 
norepinephrine. Shock is exaggerated by the tank respirator. The effect 
may be minimized by providing 5 to 7 em. of water positive pressure 
during the expiratory phase of respiration. 

Fluid balance must be maintained, if necessary intravenously. Alimen- 
tation in patients with severe bulbar involvement may be instituted after 
a few days by indwelling plastic nasogastric tube. Low calcium intake 
may be achieved by feeding the patient an osterized low caleium diet 
rather than the traditional milk-base tube feedings. 
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With recovery, withdrawal from respiratory support should be gradual 
and guided by vital capacity measurements. F ollowing profound re- 
spiratory failure, patients regaining 20 to 25 per cent of predicted vital 
capacity may tolerate short periods without respiratory support and 
attain freedom when levels of 35 to 40 per cent are again achieved. During 
recovery, the rocking bed and cuirass respirators are of considerable 
value in the management of the patient. Again, adequacy of ventilation 
cannot be guessed and must be measured. In general, small children are 
not adequately ventilated on the rocking bed. 

Proper positioning, range of motion exercises and, when the patient’s 
condition permits, a more vigorous physical therapy program should 
follow in orderly sequence. 


Steroids 


As has been true with many conditions of obscure etiology, steroids 
were employed empirically in the treatment of Guillain-Barré syn- 
drome.®: 4: 5, 6 14, 21, 28, 26, 31 With the demonstration of characteristic 
findings of Guillain-Barré syndrome in “allergic neuritis’? in the experi- 
mental animal,” steroid therapy became much more widely accepted in 
view of its recognized application in hypersensitivity states.2: 7) 8 ¥ 
Conclusive evidence that steroid therapy significantly alters the course 
of the disease, however, is still unavailable." 

Impressed by the problem of infection complicating the management 
of respiratory failure and disturbed by the unpredictable and at times 
disastrous consequences of steroid therapy in bacterial and viral infec- 
tions, we have refrained from their use in the management of the Guillain- 
Barré syndrome. 


SUMMARY 


In Guillain-Barré syndrome one characteristically sees the develop- 
ment of muscle weakness following closely upon a relatively nonspecific 
illness. There are frequently associated mild sensory symptoms of feet 
and hands. Early in the illness, examination may be remarkably unreveal- 
ing. However, progression leading to profound impairment of extremity, 
trunk and bulbar musculature may follow in a relatively short period 
of time. Except for a fairly consistent cerebrospinal fluid picture of 
albuminocytologic dissociation, laboratory studies are nondiagnostic. 

Until therapy can eventually be directed against a specific etiologic 
agent, the important consideration remains the identification and appro- 
priate management of respiratory insufficiency. 
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PARASITIC DISEASES are due to infestation with protozoa or helminths. 
The helminths consist of flukes (trematodes), tapeworms (cestodes) 
and round worms (nematodes). Over 100 parasites may infest the human 
being but only around 50 of these are potentially harmful to man. 

The incidence of parasitic diseases in the United States is not ac- 
curately known as a significant number of infested people may be 
asymptomatic or suffering from mild symptoms which do not prompt 
them to look for medical advice. On other occasions the examining 
physician might overlook an investigation for parasites in patients with 
mild nonspecific symptoms. 

The diagnosis of parasitic disease depends to a large extent upon an 
initial high index of clinical suspicion followed by carefully performed 
laboratory examinations by an experienced technologist on adequately 
collected samples. Although serological tests are helpful in establishing 
the diagnosis, it is the isolation of the organisms, their larvae or their 
ova that actually clinches the diagnosis. Most of the tests consist of the 
examination of specimens of blood and feces. Examination of the sputum, 
bone marrow, cerebrospinal fluid and tissues is required for diagnosis in 
some specific parasitic infections. 

Although there has been considerable progress in the understanding 
and management of parasitic diseases, we still face some that cannot be 
controlled with our most refined therapeutic agents. 

Because of limitations of space we will limit this presentation to ten 
of the most frequently encountered parasitic diseases. 


This study was in part supported by N.I.H. Training Grant No. 5T1 AT 189-03. 
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PROTOZOAL INFECTIONS 


Amebiasis 

This illness is due to infestation with the protozoa Entamoeba histoly- 
tica which is acquired by the ingestion of cysts by the human being. The 
patient might be asymptomatic (carriers) or develop an acute or chronic 
dysenteric type of picture. Sometimes encountered is an enteritis, a 
eranuloma (ameboma), a liver abscess or abscesses in distant tissues 
such as the lungs and brain. 

It is estimated that there is a carrier incidence of 8 to 10 per cent in 
the United States. In the diagnosis of intestinal amebiasis with colonic 
changes sigmoidoscopic examination is very helpful, revealing typical 
ulcerations with normal intervening mucosa. The entamoebae are most 
frequently found in mushy rather than in formed stools. It is important 
to examine the warm stools as soon as possible and not later than 30 
minutes after the fecal specimen is taken in order to identify the living 
trophozoite. The trophozoites of EL. histolytica have a well defined broad 
ectoplasm and show ingested erythrocytes, active motility and finger- 
like pseudopods. When there is no diarrhea the use of laxatives may be 
helpful in increasing the opportunities of obtaining cysts. The stool 
specimen may be examined as a wet unstained smear prepared with 
normal saline or as wet smears stained by Lugol’s solution or eosin. 

The stool has an offensive odor, is acid in character and when accom- 
panied by blood and mucus is more suggestive of the disease. A single 
negative fecal examination does not exclude amebie dysentery or enteri- 
tis. Negative fecal examinations are frequently encountered in amebic 
hepatitis or hepatic abscess. Dramatic response to antiamebic therapy 
is helpful in the diagnosis of hepatic involvement. Characteristically 
there is no eosinophilia in amebiasis. The complement fixation test is not 
very helpful. 

The management of amebiasis is somewhat dependent upon the 
localization of the disease in the intestines or in the liver. 

For the intestinal phase paronomycin, tetracycline, oxytetracycline, 
fumagillin, erythromycin, diiodohydroxyquin (Diodoquin) and arsenicals 
such as carbarsone or glycobiarsol (Milibis) may be used. 

Paronomycin (Humatin) is given in doses of 500 mg. three times a day 
for a period of five days in the adult; in children, 10 mg. per pound 
of body weight per day for the same period. Milibis is given in doses of 
500 mg. three times a day for eight days, Diodoquin in doses of 25 to 
30 mg. per kilogram of body weight daily for 15 to 20 days. 

A recent amebicide, entamide furoate (Furamide), has been claimed 
to be useful in acute amebic dysentery and chronic amebic colitis in 
doses of 500 mg. three times a day for ten days.2! Corroboration of this 
finding with a larger series of patients is still needed. 

It is the general impression that for the hepatic disease an emetine 
derivative such as emetine hydrochloride and a 4 amino-quinoline such 
as chloroquine are needed. Emetine hydrochloride is given by deep 
ee eee te ae dose not greater than 1 mg. per 

) passing a daily dose of 65 mg. for a 
period of five to ten days. Chloroquine is given in the adult as 1 gm. 
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daily for two days and 0.5 gm. daily thereafter for ten days. Aspiration 
might be required in hepatic abscess. 

Dehydroemetine, a new synthetic compound, has also been used 
successfully in hepatic amebiasis in doses of 80 mg. intramuscularly 
daily for ten days followed by an interval of 14 days and then by a 
second similar course for six days.'® Concurrently diiodohydroxyquino- 
line is administered in doses of 600 mg. three times daily for 20 days. 


NEMATODE INFECTIONS 


Ascariasis 


Ascariasis is most frequently encountered in children and young adults. 
Clinical symptoms may be absent or vague. During the migration 
of the larvae pulmonary wheezing and eosinophilia may be encountered. 
Severe infections may be accompanied by complications such as intestinal 
obstruction and perforation of the intestines. These complications are 
frequently associated with the administration of diethylearbamazine 
(Hetrazan), so the use of this drug is contraindicated. 

The presence of the infection is usually recognized when the round 
worm is discharged in the feces or occasionally in vomitus. A significant 
number of cases is diagnosed by the identification of the ova in a routine 
microscopic examination of the stool. Concentrated stool specimens may 
facilitate the diagnosis. Occasionally a barium contrast x-ray of the 
intestinal tract will reveal the presence of the worms or a wandering 
larva may be coughed up in the sputum. 

Piperazine is the drug of choice.!® A dose of 70 mg. per pound of body 
weight without exceeding a total of 3 gm. to be repeated in a week is an 
acceptable therapeutic regimen. In massive infestations a dose of 30 mg. 
per pound per day may be used for a period of seven consecutive days. 
Neither fasting nor purgation is required. 

Piperazine salts commonly used are the citrate, hexahydrate, adipate, 
phosphate and tartrate. The dosage is expressed according to the 
equivalence to piperazine hexahydrate. The medication is available 
as tablets, chewable wafers and syrups. Some of the trade names are 
Antepar, Bryrel, Nermidal, Pipizan and Vermizine. 

Hexylresorcinol, dithiazanine and bephenium compounds are also 
effective. 


Hookworm 

Hookworm infection is prevalent through all tropical and subtropical 
countries and is one of the most important nematode diseases in humans. 
The two types which primordially affect man are Ancylostoma duodenale 
and Necator americanus, the latter being the predominant species in the 
New World. 

The pathogenesis of clinical manifestations depends on the balance 
of two variables: the amount of blood loss and the ability of the human 
organism to compensate for such loss. The amount of blood loss depends 
directly on the number of worms present; the greater the number of 
feeding parasites the greater the loss. The second variable depends on 
the physiological mechanisms for compensation of blood loss, which to a 
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certain extent are dependent on the supply of dietary raw material. 
Thus the greater the worm load and the poorer the diet, the greater the 
chances for the development of clinical manifestations, which we charac- 
terize as hookworm disease. The basic clinical manifestations of hook- 
worm disease are mainly due to hypoproteinemia and to ferropenic 
anemia. 

The diagnosis is confirmed by the demonstration of the ova in the 
stools. A fresh sample should be examined to avoid the necessity of 
differentiating the rhabditiform larvae of hookworm and strongyloides. 
A quantitative determination of ova in the stools is desirable, either by 
the Stoll or Beaver methods, the latter being easier to perform. Occult 
blood in the stools may be present. The blood findings range from normal 
to marked eosinophilia and hypochromic microcytic anemia. In severe 
cases the serum iron is low and the serum iron clearance is accelerated. 
The serum albumin may be decreased to edema levels. 

The treatment of the patient with hookworm infection is based on 
three premises: the correction of the anemia and malnutrition, eradica- 
tion of the worm and the prevention of reinfection. 

If anemia is severe with evidence of circulatory embarrassment, we 
give slowly 250 ec. of packed red cells every 12 to 24 hours until the 
level of hemoglobin is from 7 to 8 gm. 

The patient should be started on a high caloric and high protein diet 
with oral or parenteral supplements of iron. Oral ferrous sulfate should 
be started in doses of 100 mg. t.i.d. and gradually increased to 0.33 gm. 
t.i.d. Parenteral iron, calculated according to the hemoglobin deficit, can 
be used. Hemoglobin levels increase more quickly with parenteral iron 
than with oral iron. 

The drug of choice at present for the treatment of hookworm is tetra- 
chloroethylene. It is a cheap, fairly safe drug which has been extensively 
used. Purgatives are not needed before or after the administration of the 
drug, unless one desires to recover and count the worms after treatment. 
Alcohol and fatty foods are avoided the evening prior to treatment. The 
drug is given in the morning with the patient fasting. The usual dose for 
adults is 5 ml. given in soft gelatin capsules; for children, it is approxi- 
mately 0.66 mg. per pound of body weight. No food is given for four 
hours after treatment, after which a normal diet is allowed. Aleohol and 
highly fatty foods are prohibited for 24 hours after the treatment is 
given. An occasional side reaction is a mild dizziness which disappears 
spontaneously. Drowsiness, peculiar behavior and loss of coordination 
have been reported. 

Bephenium hydroxynaphthoate has been used during the last years 
with a cure rate ranging from 30 to about 82 per cent and with significant 
decrease of worm load in the other cases.!: 1°. 13. 4 Side reactions oceur 
in about one-third of the patients, mainly nausea, vomiting, abdominal 
discomfort, diarrhea and dizziness. One schedule of treatment consists 
of administration of a 2.5 gm. dose in the morning for five to seven days. 
Farid and Miale? report a 74 per cent cure rate in Egypt using a single 
dose of 2.5 gm. base given fasting in the morning. The authors point out 
that the drug seems to be more effective in A. duodenale than in N. 
americanus infections. 
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Strongyloidiasis 


Strongyloides stercoralis is a parasitic infection occurring in the tropical 
and subtropical regions. The adult female parasite buries in the mucosa 
and submucosa of the human intestine. The adult males do not penetrate 
the mucosa and are eliminated soon after mating. Soon after oviposition 
the ova of strongyloides hatch into a rhabditiform larva in the intestine. 
The rhabditiform larva may develop into the filariform larva which is 
capable of infecting man. At times infective filariform larvae may de- 
velop in the lower intestine and penetrate the intestinal wall and/or 
perianal skin of the host, leading to severe autoinfections. But the rhab- 
ditiform larva passed in the stool, under favorable conditions, may also 
develop into free living adult parasites, capable of perpetuating the 
species in the soil and of producing filariform larva to infect man. 

The infection through the skin and migration through the lungs may 
produce symptoms and signs similar to those of hookworm, but in many 
instances these stages are asymptomatic. If infections are mild, no 
intestinal symptoms appear. In massive infections, abdominal pain and 
severe bloody diarrhea may develop; intestinal perforation may occur 
and myriads of larvae may be found in the lungs and heart. Fortunately, 
these severe hyperinfections are rare. 

The diagnosis is confirmed by finding the rhabditiform larva in the 
fresh stool. In stools which are not immediately examined it may be 
difficult to distinguish between rhabditiform larva of strongyloides and 
hookworm. The white blood count may reveal eosinophilia. 

All patients with strongyloides should be treated to avoid spread of the 
disease and to prevent the possibility of self-infection which may lead to 
severe and even fatal disease. The drug of choice is dithiazanine. The 
usual treatment in adults is 100 mg. three times daily for 14 days. If the 
initial course of treatment is ineffective, two weeks after its termination 
the dose should be increased to 200 mg. t.i.d. and given for 14 days. 
For children weighing more than 20 pounds the usual dose is 50 mg. for 
every pound of body weight, given in three divided doses for 14 to 21 
days. The daily dose should not exceed 300 mg. 

Muhleisen reports 90 per cent cure with a similar treatment, except 
that he used 600 mg. during the first three days and the 300 mg. daily to 
complete 21 days of treatment.!7 With an eight day treatment Guerrero 
found a 93 per cent cure rate.® 


Enterobiasis 

Enterobiasis (pinworm) is an intestinal infection due to Enterobius 
vermicularis. The infection is acquired by swallowing the ova. The ova 
develop into mature parasites which live in the colon attached to the 
mucosa. Two weeks after infection the female worm may be producing 
eggs, which are deposited in the perianal region by the migrating female. 
This may produce pruritus which is the clinical symptom of the disease. 
The problem with enterobiasis is that frequently the whole family be- 
comes infected and usually the entire family should receive treatment. 
Unless personal hygienic measures and cleaning of the quarters are 
instituted concomitantly with anthelmintic therapy of the family, the 
infection cannot be eradicated. 
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The diagnosis may be confirmed by observing the worms in the perianal 
region early in the morning. The ova can be recovered from the perianal 
region with the aid of Scotch tape by firmly placing the sticky side over 
the perianal rugae. A tongue depressor or test tube 1s helpful in perform- 
ing the procedure. The Scotch tape is fastened to a glass slide and ob- 
served under the microscope. If the patient has washed the perianal 
region just prior to the medical consultation, the ova are often not found. 
The ova may be demonstrated in the stool in 5 to 10 per cent of the 
patients. 

Two excellent drugs with very few side reactions are available for 
treatment of the infected patient. Piperazine is used for seven days. 
Adults should receive 2 gm. daily and children under 60 pounds should 
get 250 mg. for every 15 pounds of body weight. A single morning dose is 
adequate. The drug is marketed in tablets of 250 mg., in syrups usually 
containing 100 mg. per ml., and in mint-flavored wafers containing 500 
mg. of piperazine phosphate to facilitate administration to children. 
Pyrvinium pamoate is as effective as piperazine. It requires only a single 
administration in doses of 5 mg. per kilogram of body weight. The pa- 
tient should be informed that it produces a red stain on the underwear. 

Though effective, oxytetracycline should not be used for the treatment 
of pinworm as it is more expensive and occasionally it might sensitize 
the patient. The use of zinc oxide ointment applied to the rectum may be 
an adjuvant in treatment.” 


Trichuriasis (Whipworm Infection) 


Trichuris is a small round worm measuring 3 to 5 cm. in length which 
lives in the colon and cecum. There the worms produce ova which are 
passed in the stools. Man becomes infected by swallowing the embryo- 
nated eggs, from which a larva develops in the intestine. Trichuris is 
found in all warm, moist regions of the world. 

Light infections are usually asymptomatic, the patient being treated 
only to prevent spread of the disease. Severe infections lead to a chronic, 
bloody diarrhea, hypochromic anemia, weight loss and severe mal- 
nutrition. 

The diagnosis is usually made by the examination of the stool. The 
Beaver or Stoll egg count may give an idea of the severity of infection. 
In massive infection the sigmoidoscopic examination may show hun- 
dreds of worms attached to a friable, bleeding mucosa. 

The drug of choice is dithiazanine. The usual treatment in adults is the 
administration of 200 mg. three times a day during five days. In children 
the dose is 100 mg. for every 10 pounds of body weight, taking the precau- 
tion of not exceeding the daily dose of 600 mg. Some prefer to use half 
doses during the first day of treatment to decrease side reaction. The 
course can be repeated in two weeks. In severe trichuris infections the 
treatment should be prolonged for 10 to 14 days. 

Side reactions to dithiazanine occur in about 30 per cent of the cases, 
consisting mainly of abdominal cramps, anorexia, nausea, vomiting and 
diarrhea. They are more prominent during the first day of treatment. 
In many instances discontinuation of treatment is not warranted, but 
if severe nausea and vomiting develop the drug should be stopped. 
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Treatment should be postponed in acutely ill and dehydrated patients. 
The drug should not be administered in the presence of severe renal 
disease. 

Swartzwelder and associates using 200 mg. of dithiazanine three times 
daily for five days reported a cure rate of 97 per cent.”? Guerrero and 
associates using daily doses of 200 mg. for persons weighing under 15 
kg., 400 mg. for those weighing 16 to 30 kg. and 600 mg. for those weigh- 
ing over 30 kg. and the drug being administered for eight days reported 
a cure rate of 67 per cent and a significant reduction of the egg count in 
the others. Mild side reactions occurred in 43.5 per cent of the cases.* 
Albornoz-Plata, using the standard five day treatment, was successful 
in all cases. Mild side reactions were present in 44 per cent of the eases.? 
Studies in Borneo revealed an 80 per cent cure rate.® 


Trichinosis 


Trichinosis is caused by Trichinella spiralis. The diagnosis is suggested 
by the history of the recent ingestion of inadequately cooked pork 
products. This is followed in two to seven days by mild to severe non- 
specific symptoms of gastroenteritis such as nausea, vomiting, ab- 
dominal pain and diarrhea. About the second week after infection a new 
clinical picture develops. It is characterized by palpebral edema, fever 
which may be as high as 104° F., severe myalgias, subungual hemor- 
rhages, nuchal rigidity and at times neurological deficits and myocarditis. 
Hypoproteinemia and edema are frequent. Usually there is a leukocytosis 
that might reach levels of 25,000 per cubic millimeter with a significant 
eosinophilia that might be as high as 40 per cent. The absence of eosino- 
philia in some instances conveys a poorer prognosis. The sedimentation 
rate is not elevated. The creatinine excretion in the urine per 24 hours 
might be significantly increased, occasionally reaching levels as high as 
900 mg. per 24 hours. This is due to the damage suffered by the striated 
muscle where the parasite is predominantly localized. 

The trichinella skin test with a 1:7000 or a 1:10,000 dilution of larvae 
antigen might give an immediate reaction in 15 to 25 minutes with a 
wheal and erythema or a delayed tuberculin type of reaction in 24 
hours with a red papule. After the third week of infection, it is positive 
in 90 per cent of the cases. A positive skin test most likely proves that 
the patient has been infested with trichinella but it does not tell how 
recent was the patient’s exposure to the parasite. Nonspecific positive 
reactions might occur when the patient has ingested meat containing 
nonviable trichinae. 

The precipitin test becomes positive around the third week of disease 
and remains positive for a period of about a year. A positive precipitin 
test is more suggestive of a recent disease. 

The larvae are occasionally identified by microscopic examination of 
blood laked by a 3 per cent acetic acid solution. The most reliable diag- 
nostic procedure that we have at hand today is the identification of the 
organism by muscle biopsy. A single biopsy may be positive in about 
50 per cent of the cases. 

There is no specific treatment for trichinosis. Death follows in about 
5 per cent of the clinically recognized cases of the disease. ACTH and 
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steroids have been helpful in controlling severe systemic reactions, 
apparently by their anti-inflammatory and antiallergic effects. Forty 
units of ACTH may be given intramuscularly two or three times daily 
for two or three days, then 40 units daily for one to two weeks, then 
20 units daily until the fourth week of the disease. 

Analgesics such as acetylsalicylic acid may be given every four hours 
for the relief of the myalgias. A good dietary intake should be provided. 
Bed rest is mandatory if myocarditis is present. 


Larva Migrans 


Curanrous Larva Miarans. This is known as “creeping eruption” 
and is caused by the filariform larvae of the dog and cat hookworm, 
usually Ancylostoma brasiliense. The larvae that develop from the eggs 
present in the dog feces penetrate the skin and during their migration 
produce irregular, easily identifiable, pruritic, erythematous, linear, 
serpiginous skin lesions. Eosinophilia is frequently encountered in the 
peripheral blood and there may be transitory patchy infiltrates of the 
lungs. 

Local measures should be used to avoid concurrent bacterial infection. 
Ethyl chloride spray or carbon dioxide snow applied to the advancing 
area will control the disease in most instances. Local or intramuscular 
Fuadin, diethylearbamazine and piperazine have been used with doubtful 
results. 

ViscBRAL LARVA Miarans. This occurs mainly in children who have 
ingested eggs of nematodes whose life cycle are completed in the dog and 
cat, 1.e., Toxocara canis and Toxocara mystax. The disseminated larvae 
may cause fever, anorexia, myalgias, skin rash, hepatomegaly, pneu- 
monitis, peripheral eosinophilia and hyperglobulinemia. 

A hemagglutination test with ascaris and Toxocara antigens has been 
valuable in the diagnosis of the disease. Liver biopsy may reveal 
typical eosinophilic granulomatous lesions and larvae which will confirm 
the diagnosis. 

There is no specific treatment but in patients with severe pulmonary 
findings ACTH may be helpful, apparently by its value in ameliorating 
hypersensitivity reactions. 


CESTODE INFECTIONS 


Tapeworm Infection 


The larval or mature stages of tapeworms can affect humans. The 
larval stage may be harbored in any human organ, while the mature 
forms live in the intestine. Though there are over 30 species of tape- 
worms producing intestinal infection in man, the most important are 
1’. saginata (beef tapeworm), T’. solium (pork tapeworm) and Diphyl- 
lobothrium latum (fish tapeworm). The intestinal infection is acquired by 
eating uncooked meat or fish harboring the cysts. 

Symptoms due to intestinal infection with T. soliwm and T. saginata 
are few and consist of nonspecific abdominal distress. Usually the patient 
becomes aware of the parasite when the distal proglottids come out 
through the anus, making the host socially uncomfortable. The patient 
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usually harbors only one worm. Eosinophilia may be present. Diphyl- 
lobothrium latum (fish tapeworm) infestations are usually multiple and 
produce more nonspecific abdominal symptoms. In addition, a few 
patients develop a megaloblastic anemia due to the increased avidity of 
the worm to fix vitamin By» from the intestinal tract. 

The diagnosis of tapeworms is usually made from the extruded 
proglottids brought by the patient. The stool examination reveals the 
characteristic eggs of the tapeworm. 

The drug of choice in intestinal tapeworm infections is quinacrine 
hydrochloride (Atabrine, mepacrine). The patient should be placed on a 
liquid diet the day prior to treatment and left fasting after the evening, 
when a soapsuds enema should be given. Without breakfast the quina- 
erine hydrochloride is administered in two divided doses, half an hour 
apart to minimize vomiting. The total adult dose is 0.8 gm. Children 
weighing from 40 to 75 pounds receive 0.4 gm., those from 76 to 100 
pounds 0.6 gm. Two hours after the last dose a saline cathartic is ad- 
ministered. The patient should stay in bed and all feces should be col- 
lected for examination. In 7. soliwm and T. saginata infections the 
recovery of the scolex (head) usually indicates successful treatment. 

The main complication of treatment is vomiting of the administered 
quinacrine. This can be obviated only by duodenal instillation of the 
drug. One treatment is usually effective. 

Oleoresin of aspidium (male fern), though effective, has been gradually 
abandoned because of its toxicity. A comparative study of the use of 
male fern and quinacrine revealed that they are about equally effective. 
In about 80 per cent of the cases cure was effected by one treatment.” 

Iodoalphionice acid (Priodax), used as a contrast medium in x-ray 
visualization of the gallbladder, has been reported as an effective drug 
in the treatment of tapeworm in children without producing vomiting.?° 
The use of tablets containing metallic powdered tin, tin chloride and 
stannous oxide administered for five days after meals eradicated the 
tapeworms in 90 per cent of the cases. Another approach to the treat- 
ment of taenia is the DeRivas method of the instillation in the duodenum 
of magnesium sulfate, glycerine and physiological saline solutions warmed 
to 130° F. The treatment seems to be effective and harmless, but re- 
quires duodenal intubation.!® Naturally, the treated patient should be 
given pertinent instructions to cook food well to avoid reinfections. 

The larval stage infection of man (visceral cestodiasis) presents 
difficult diagnostic and therapeutic problems. The main offenders are 
T. solium and Echinoccocus granulosus. The diseases are acquired by the 
ingestion of the ova, which hatch in the gastrointestinal tract, producing 
a larva which migrates through the intestinal wall and becomes encysted 
in any region of the body. The only available treatment is surgical 
excision of the cysts. 


TREMATODE INFECTIONS 


Schistosomiasis 


Schistosomiasis is one of the most prevalent diseases in the world. 
Three species are responsible for almost all human infections. Schistosoma 
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mansoni is found in Africa, Asia Minor, the West Indies and in northern 
regions of South America. Schistosoma haematobium is found in Africa 
and Asia Minor, and S. japonicum in the Far East. Any inhabitant or 
visitor to an endemic area who has come in contact with fresh water 
streams is a potential candidate for the infection. 

Usually the penetration of the cercaria through the skin is unnoticed 
by the patient. Occasionally some persons experience transitory itching 
and may develop erythema and wheals at the site of entry. The schisto- 
somules enter the venules and lymphatics of the human host and gain 
access to the lungs, at times producing cough. They are distributed 
throughout the body by the circulation, reaching the mesenteric venules 
where they reach productive, sexual maturity. About four to seven weeks 
after infection oviposition begins. 

In a minority of patients the period of initial oviposition may be 
accompanied by an acute disease characterized by fever, skin rashes, 
headache and diarrhea, at times with blood. Splenomegaly, hepatomeg- 
aly, lymphadenopathy and eosinophilia are usually present. The 
symptoms may last for a few days to over eight weeks.* 

The chronic disease may be asymptomatic with no demonstrable 
abnormality in the patient except the presence of the schistostome ova. 
In schistosomiasis haematobium the symptoms are mainly dysuria and 
hematuria, while in schistosomiasis mansoni and japonicum they are 
usually referred to the gastrointestinal tract. Dyspepsia, diarrhea, 
anorexia, heaviness in the abdomen, malaise, loss of pep and weight loss 
may occur. 

Abundant and prolonged oviposition in the portal system may lead to 
portal hypertension, the inflammatory reaction to the ova producing an 
obstructive endophlebitis. The spleen becomes congested, collateral 
abdominal circulation develops and ascites may appear. The spleno- 
megaly may be accompanied by evidence of secondary hypersplenism. 
Esophageal varices may rupture and produce massive bleeding. If 
malnutrition accompanies the disease, cirrhosis of the liver may become 
evident. 

Schistosome ova may be carried to other organs of the body by the 
normal or enlarged venous collateral circulation. In the lungs extensive 
egg embolization with endarteritis may eventually lead to. pulmonary 
hypertension and chronic cor pulmonale. Involvement of the spinal cord 
is not unusual in schistosomiasis japonicum. Many organs in the body 
may disclose the presence of the ova. 

The diagnosis is confirmed by finding the characteristic ova. In 
schistosomiasis haematobium the ova may be recovered from the urine 
or the stools. In schistosomiasis mansoni and japonicum the ova can be 
found in the stool. As one stool examination may miss 50 per cent of the 
cases, 1t 1s recommended that at least three stool examinations be done. 
oe ova can be also demonstrated in biopsies of the rectum, bladder and 

iver. 

Cutaneous tests with cercarial and adult worm antigens are useful. 
They are simple to perform but a good, well standardized antigen should 
be used. The injection of the antigen produces a wheal and erythema 
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reaction in 15 to 30 minutes in 80 to 90 per cent of those who have the 
disease. Serological tests as complement fixation, slide flocculation, and 
circumoval precipitation may be used to confirm the diagnosis with about 
the same efficiency as the skin tests. 

The treatment of schistosomiasis has been unrewarding.® The available 
drugs are either ineffective or too toxic. 

Antimonial compounds have been used, with results of therapy which 
are variable from one series to the other, but probably the cure rate is 
less than 50 per cent. These drugs are capable of producing severe reac- 
tions and must be administered under continuous medical supervision. 
The two most widely used drugs of this class have been tartar emetic 
(potassium antimony tartrate) and stibophen (Fuadin). The general 
impression is that tartar emetic is more effective than stibophen, but it 
is more toxic and has the disadvantage of having to be administered 
intravenously. Sudden death may occur with both drugs. Undesirable 
reactions include anorexia, nausea, vomiting, headache, arthralgias, 
myalgias, cutaneous eruptions, myocarditis, convulsions, shock and 
hematological disorders as thrombocytopenia and hemolytic anemia. 
Often side reactions require discontinuation of treatment or diminution 
of doses. 

Stibophen is probably the drug most widely used today for the treat- 
ment of the disease. It is administered intramuscularly in a 6.3 per cent 
solution and as follows: 1.5 ce. on the first day, 3 cc. on the second day, 
5 ec. on the third day, 5 cc. on the fifth day and 5 cc. every other day to 
complete 90 to 120 cc. The course can be repeated three months after 
completion. 

Tartar emetic is administered intravenously. A freshly prepared sterile 
solution of 0.5 per cent of tartar emetic in 5 per cent glucose in physio- 
logical saline is given slowly intravenously as follows: 8 cc. on the first 
day; 12 ce. on the third; 16 cc. on the fifth; 20 cc. on the seventh; 24 cc. 
on the ninth; 28 ec. on the eleventh day and thereafter 28 cc. every other 
day to complete 380 ce. 

Miracil D, a thioxanthone, is used orally in daily doses of 10 mg. per 
kilogram of body weight for 12 days. Abdominal cramps, nausea, vomit- 
ing and yellow discoloration of the skin may occur. The drug seems to 
work better in S. haematobium infection. 

The patient with schistosomiasis should be placed on a good diet as 
there is evidence that good nutrition decreases the hazards of the disease. 
He should avoid reinfection. If there is hypersplenism, splenectomy may 
alleviate the hematological alterations. If bleeding varices are present 
the patient should be treated accordingly. Portacaval shunts seem to 
decrease the incidence of bleeding esophageal varices, but they may 
increase the incidence of bleeding peptic ulcers and hepatic coma. Long 
follow-up is required in these patients and a controlled series is needed to 
evaluate the effect of surgery. The treatment of pulmonary schistosomia- 
sis is symptomatic and supportive. 
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INTRODUCTION 


DurinG the 9 years since our second resume on immunization®® rapid 
advances and changes have continued in all disciplines of medical 
science including immunology. Even though more antibiotics are avail- 
able for the treatment of bacterial infections these drugs have definite 
limitations and disadvantages.*° We must continue to investigate and 
utilize vaccines for protection against most of the viral diseases. Unlike 
chemoprophylaxis, immunization frees man from having to take a drug 
regularly. It converts a susceptible person into a resistant one, enabling 
him to move wherever or whenever he chooses carrying his protection 
with him. To quote Edsall: ‘‘Never in the history of human progress 
has a better and cheaper method of preventing illness been developed 
than immunization at its best.” 

Prevention of disease continues to be our most important goal. The 
practice of maintaining an active and up to-date immunization program 
becomes more and more important as the number of effective agents 
increases. The object of immunization is to produce without harm a 
degree of resistance in individuals as great as, or greater than, that 
which follows the natural infection.“ In the past decade, two more live 
vaccines (poliomyelitis, measles) have been produced and shown to be 
very effective. It is against the diseases of viral origin that immunization 
procedures have been most effective. The value of BCG vaccine for the 
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control of tuberculosis in countries other than the United States which 
prefers to use public health measures should not be overlooked. 

One very important area which needs continued emphasis by the 
physician is the administration®™ of these vaccines to as many patients 
as possible on a private and community basis. With so much emphasis 
on civil defense measures, little will be gained from a preventive medical 
aspect if these vaccines are not adequately utilized. Recent surveys have 
shown very low immunization rates particularly in adults over 30 years 
of-age. The major problem is to overcome public apathy,” get the 
vaccines into people who need them and to record properly this data on 
the patient’s health record.*® An adequate immunization and personal 
health record* recently revised by the Public Health Service if kept by 
all would fulfill this requirement. 

The infectious diseases against which immunizing procedures are 
available are divided into the following groups: 


I. Those which are mandatory, i.e., those in which there is no satisfactory 
method of control other than by vaccination (smallpox, tetanus, diphtheria, 
pertussis, poliomyelitis, influenza, measles, pediatric schedules). 

II. Those which are mandatory under certain circumstances, i.e., those in 
which vaccination would be limited to certain areas or occupational groups; 
and those which prophylactic vaccination would be useful along with other 
control measures (typhoid, epidemic typhus, cholera, rabies, plague, tuber- 
culosis, yellow fever [see also overseas map)). 

III. Those in which vaccination is advisable in certain areas or occupational 
groups (in conjunction with other control measures) (adenovirus, mumps, 
Q fever, Rocky Mountain spotted fever, tularemia). 

IV. Those which are of passive value or are under study (anthrax, brucel- 
losis, dengue fever, infectious hepatitis, gamma globulin, leptospirosis, 
rubella, trachoma). 

V. Those which are not advisable (scarlet fever, encephalitides, endemic 
and scrub typhus, bacterial vaccines, poison ivy vaccines, cold, staphylo- 
coccus and acne vaccines). 


GROUP I. DISEASES AGAINST WHICH 
IMMUNIZATION IS MANDATORY 


Smallpox 


Even though Edward Jenner demonstrated the value of vaccination 
165 years ago in Gloucestershire, routine vaccination is not practiced in 
England. In fact, much controversy presently exists in Great Britain as 
to the necessity of universal smallpox vaccination.“? This procedure is 
still first in importance, and the vaccine is one of the most effective 
immunizing agents.’! Its protective efficacy was well demonstrated in 
1960 with the swift suppression of a smallpox outbreak in Moscow when 
9 million persons were immunized during one week.!* This efficacy was 
also noted by Weinstein in New York City in 1947.2! 

The effectiveness of proper vaccination was shown during World War 
II? by the occurrence of only 105 cases of smallpox in the Armed Forces. 
Most of these patients were in the Orient where smallpox was prevalent. 


* International Certificate of Vaccinations. P.H.S. 731, revised 6/61. 
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An investigation of these failures of vaccination showed that most were 
attributed to faulty vaccination technique or intense sensitization reac- 
tions incorrectly interpreted as primary reactions. 

The necessity of primary and repeated revaccination at proper inter- 
vals was poignantly illustrated by the recent outbreak of 12 cases in 
Bradford, England when 6 deaths oceurred.** The importance of proper 
interpretation and recording of the results of vaccination were empha- 
sized when it was ascertained that the 9 year old Pakistani girl who 
flew from Karachi 2 weeks before and presumably transmitted the 
disease, had an apparent immediate reaction on revaccination. Having 
been vaccinated only once during infancy, her first booster (revaccina- 
tion) had been given less than 4 weeks prior to her death. 

In this country primary vaccination is routinely advised prior to 1 
year of age since postvaccinal encephalitis almost never occurs in this 
group. Interestingly, primary vaccination is preferred at ages 1 to 4 
years in Great Britain since complications there have been more common 
in the infant under one year of age. The technique of vaccination is 
important (Table 1). 

INTERPRETATION OF THE RESULTS OF VACCINATION. The proper time 
to read the vaccination is between the seventh and ninth day since 
differentiation of the three types of reaction is based on the time at 


Table 1. Immunization Against Smallpox 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURATION 
AGENT FOR ADMINISTRATION OF IMMUNITY 


1. Smallpox vaccine U.S.P. All—particularly be- Cleanse skin with acetone Three to four years. 


Live cowpox virus—fluid fore travel to other or ether. 10 to 30 multi- Medical and Armed 

glycerinated. Potency countries. ple pressures with needle Forces personnel 

period 3 months. Store May be given at 1 held parallel to skin on should be revacci- 

at freezing temperatures. month of age if area 0.25 cm. in diameter nated every 3 years. 
2. Lyophilized (freeze-dried) travel necessary. over the insertion of the 

smallpox vaccine stored deltoid muscle. 

in cool space. Potency Use a generous amount of 

period, 18 months. vaccine. Bleeding should 

not occur. 
REQUIRED REPEAT VACCINATIONS AND PORTE ATONE REA CHIONE 


CONTRAINDICATIONS TO VACCINATION 


Vaccinate: Early, Immediate or Allergic Reaction 
1. Quadrennially (Leap Year). Itching, erythema or even vesicle appears but 
2. Whenever exposed to smallpox. regresses by 4th day, leaves no scar. Reaction 
3. In presence of an epidemic. can be elicited by inert vaccine so indicates im- 
4. If doubt exists as to reaction of a previous munity only if vaccinoid or vaccinal reactions 
vaccination. are obtained concurrently in other individuals. 
be Annually if residing i n an endemic area. Accelerated or Vaccinoid Reaction 
Delay Vaccination ue Patients: . Maximal area of erythema and vesicle attained 
Ce Ce whose siblings have eczema. by 4th to 7th day. Immunity has been restimu- 
2. With septic skin conditions. lated: 
3. With acute febrile conditions. ; 
4. Recently exposed to common contagious Primary Reaction or Vaccinia 
disease. Maximal area or erythema usually attained 8th 
5, With conjunctival ulcers. to 12th day. Vesicle always seen and progresses 
6. With general debility. through stages of pustule, crust and scarring. 
7. In first 6 months of pregnancy in absence of Individual is now protected. 


a smallpox epidemic. 
i 
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which the areola reaches the maximum redness and not upon the 
presence of a scab. 


1. Primary Reaction. A large area (10 to 12 cm.) of redness is expected 
between the eighth to twelth day. A vesicle always occurs followed by pustula- 
tion, crusting and scar formation. This reaction indicates complete absence of 
previous immunity. Fever, malaise and regional lymphadenopathy are expected 
at the height of the reaction and occasionally erythema multiforme 1s observed. 

2. Vaccinoid (Accelerated) Reaction. This reaction occurs in those who are 
partially immune. Maximal erythema (4 to 6 cm.) is usually attained in 4 to 7 
days. A papule followed by a vesicle usually occurs within 24 to 48 hours. Scar 
formation is produced but may be difficult to find later. Systemic manifestations 
are minimal. 

3. Early (Allergic) Reactions. This is seen in the immune person or it may 
indicate nothing more than sensitization to viral protein from primary immuni- 
zation or disease. This reaction may occur when deteriorated vaccine or poor 
technique are used. Therefore, one must consider revaccination depending upon 
the history of the patient or possibility of exposure to smallpox infections. The 
maximal area of erythema develops between 8 and 72 hours and is only 1 to 2 em. 
in diameter. A vesicle may appear with ultimate scabbing but no scar formation. 
If no reaction occurs, a repeat vaccination must be done. Repeated failures 
should direct one to vaccinate on the other arm or the flexor surface of the 
forearm. 


Thus in order to fulfill the object of primary vaccination with smallpox, 
i.e., to create a local cutaneous infection, one must produce a major 
vaccinia reaction. This means that the results of the vaccination must 
be read on the seventh to ninth day and properly recorded in the immu- 
nization certificate. If a minor reaction occurs following primary vacci- 
nation, a second vaccination must be accomplished and re-examined 7 
days later. 

CONTRAINDICATIONS TO VACCINATION. 1. Children or adults with 
eczema, impetigo or other forms of dermatitis (not diaper rash) should 
not be inoculated because of the danger of eczema vaccinatum. If an 
individual with these conditions is accidently exposed to vaccinia virus 
then vaccinia immune gamma globulin should be administered intra- 
muscularly in dosage of 0.3 ml./kg. of body weight. Similiar measures 
for passive protection of an eczematous person who must go to an area 
where smallpox is endemic can be used. The individual can be vaccinated 
and 12 to 24 hours later hyperimmune gamma globulin given to abort 
the expected eczema vaccinatum.1 

2. Siblings of children with extensive dermatitis or eczema should not 
be vaccinated for the above reason unless the sibling to be vaccinated 
can live in a separate building until the scab falls off. 

3. Premature infants or persons on steroid therapy with general 
debility such as leukemia should not be vaccinated. 

4. During the first 6 months of pregnancy vaccination should be 
withheld* unless an epidemic situation develops.” 

5. Patients with recent exposure to a contagious disease, conjunctival 
aa or inflammation or an acute febrile illness should not be vac- 
cinated. 


6. Patients with gamma globulin disorders should be carefully evalu- 
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ated prior to vaccination. Space does not permit discussion of faulty 
immune mechanisms, the production of vaccinal antibodies in such 
patients’? and the effectiveness of using hyperimmune antiserum as 
demonstrated by Kempe’s studies." 

CompLications. The incidence of adverse reactions is low in this 
country compared to those in Great Britain noted by Gaisford.®® There 
appears to be variation from country to country depending upon the 
age at which primary vaccination is done.® Certainly vaccinia should 
not be considered as an adverse reaction in an unimmunized person. 
The two most serious complications are postvaccinal encephalitis and 
eczema vaccinatum. The former is rarely seen in the United States. 
Hight cases were reported during World War II and only 4 were subse- 
quently proved to be due to smallpox vaccination. Encephalitis is much 
less frequent after revaccination unless more than 10 years have elapsed. 
Acute renal failure,®® infectious polyneuritis,®? and myocarditis!® have 
been reported. 

Generalized vaccinia is a very serious complication and will rarely 
occur if one avoids inoculation of persons with skin disorders such as 
eczema or atopic dermatitis. This condition and progressive vaccinia 
which occur in children who have an inability to produce antivaccinal 
gamma globulin should be treated with vaccinia immune globulin in 
dosage of 0.6 ml./kg. body weight. Additional doses may be necessary 
at 1 to 2 week intervals. This preparation is available through the 
Regional Blood Centers of the American Red Cross. 


Important Pornts IN MANAGEMENT (see also Table 1). 


1. A successful vaccination should be produced in all infants before 
1 year of age. 

2. Use a potent vaccine. Freeze-dried material (Dryvax, Wyeth) is 
preferable because of its demonstrated superiority in initial antigenicity, 
prolonged potency (18 months) and simplicity of storage (2° to 10° C.). 

3. Be sure all acetone or ether has completely evaporated before 
vaccinating. 

4. Allow no occlusive shields or dressing. In pustular stage a loosely 
attached dressing is permissible if absolutely necessary. 

5. Always interpret the vaccination on the seventh to ninth day. 

6. Revaccinate in all cases of failure especially in infants less than 1 
year of age to avoid postvaccinal encephalitis. 


Tetanus 

Since the introduction of tetanus toxoid as an immunizing agent in 
this country in 1933 the vaccine has proved to be one of the most 
effective and innocuous of all antigens. Therefore, since tetanus may 
occur in any person at any age, tetanus immunization should be uni- 
versal. Its efficacy was sternly tested during World War IT and in Korea. 
Despite the fact that many soldiers were severely wounded and in 
shock for prolonged periods, only 4 cases of tetanus occurred among 
U.S. soldiers who had been fully immunized and had received an 
emergency booster at the time of injury.’ . 
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Recent studies®®: #26 have shown that a protective level (over 0.1 unit) 
occurred in 100 per cent of servicemen within 3 weeks following a 
booster even though the last booster had been given 14 to 18 years 
previously. In many cases protective antibody levels developed within 
1 to 2 weeks after a booster. In view of the frequency of automobile, 
household and recreational accidents, it is particularly important to 
maintain quadrennial boosters so that in the event of an accident a 
booster would elicit protective antibodies within 5 to 7 days and thereby 
avoid the use of tetanus antitoxin. Edsall“ noted that if everyone today 
were properly immunized with tetanus toxoid the disease would not 
occur except in the rare individual who cannot form antibodies. 

Regarding tetanus-prone injuries, it is well known that minor injuries 
account for more than half of reported tetanus cases and occasionally 
no history of injury may be obtained. Therefore, all wounds should be 
thoroughly cleansed, debrided and a toxoid booster given unless the 
patient had one in the previous 12 months and the wound was trivial. 
An extensive or heavily contaminated wound demands an immediate 
booster (0.5 ml.). For patients who have received proper primary tetanus 
immunization within the previous 5 to 10 years a booster will produce 
an excellent antibody response within 5 days.“ In these patients, 
regardless of the type of injury, the booster will provide ample protection 
if it is given within 24 hours, but if more than 24 hours have elapsed 
and the injury is extensive or heavily contaminated, then, regardless of 
the age of the individual, 5000 units of tetanus antitoxin (T.A.T.) 
should be given at the same time in a different extremity. 

When the interval since the last toxoid booster is over 10 to 15 years, 
the physician must carefully weigh the facts: (1) a reliable history of 
primary tetanus immunization; (2) time elapse since injury; (8) type of 
injury; (4) allergic past history; (5) previous T.A.T. or other horse 
serum injections. Certainly if a history of basic immunization is equivo- 
cal, the wound is massive with the risk of tetanus being self-evident, or 
a delay of over 24 hours has occurred then T.A.T. must be administered. 
In the event that fluid toxoid is available it is preferable to the depot 
toxoid since it may induce a slightly faster response.“* If horse serum 
allergy is known or detected by skin testing, or T.A.T. (equine) has 
been given previously, then bovine or preferably human tetanus anti- 
toxin®® must be given. If 48 hours have elapsed, 10,000 units or more 
may be indicated depending upon the circumstances. 

Prompt administration of T.A.T. (10,000 to 20,000 units) is reeom- 
mendedjfor all patients with massive wounds or those with potentially 
contaminated wounds over 24 hours in duration who have not previously 
had active immunization with tetanus toxoid. At the same time it is 
advisable to administer the first dose of toxoid in a different extremity 
The heterologous antitoxin must be repeated within 1 week after sensi- 
tivity testing if the wound is not clean and healing. 

The use of homologous instead of heterologous antitoxin should — 
eliminate,the need for a second dose since the half life of the homologous 
antitoxin (gamma globulin) is 4 weeks, in contrast to 1 week for equine 
T.A.T."*° As this preparation becomes more available it will eliminate 
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the danger of serum sickness and anaphylactoid reactions, which varies 
from 5 to 15 per cent. 


When using equine T.A.T. the physician must inquire about sensitivity to 
horse serum, history of allergy and administer preliminary dermal and ophthal- 
mic tests for sensitivity. A tourniquet and syringe with 1:1000 epinephrine 
should be immediately available. The routine skin test dose is 0.1 ml. of a 1:100 
saline dilution of the serum injected intracutaneously, but if a history of allergy 
is obtained the dose must be reduced to 0.05 ml. of a 1:1000 dilution of the 
serum. Fatal anaphylactic shock has occurred with a 1:10 dilution.“ An extensive 
review of serious complications from T.A.T. by Bardenwerper® should convince 
every physician to actively maintain tetanus immunity in all patients. 

Penicillin (600,000 units daily for 10 days) or 2.4 million units of benzathine 
penicillin G (Bicillin, Wyeth) or erythromycin (1 gm. in divided doses daily for 
10 days) is recommended for all persons hypersensitive to T.A.T., or who have 
previously received T.A.T. and are treated within an hour or two after injury.? 
Antibiotics are indicated in instances of: (1) extensive or contaminated wounds: 
(2) profound shock; (8) delay or difficulty in proper wound debridement. They 
should never be used as a substitute for proper debridement or for antitoxin. 
Filler and Ellerbeck® have recommended that the nonimmunized patient receive 
only local care for trivial wounds treated promptly, but that benzathine peni- 
cillin G be given if the wound is more extensive or contaminated. They would 
reserve tetanus antitoxin for massive wounds or those moderately contaminated 
ones seen 48 hours after injury. Since penicillin-resistant strains of 2. tetani are 
known to exist, one must be cautious in following this plan. 


Table 2. Immunization Against Tetanus 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 


1. Tetanus toxoid depot (alum- 1. All persons particularly 1land2.Two0.5ml. Prolonged at least 


pptd.) U.S.P. 7.5 ml. vial. military personnel, farm doses IM at 1 to2 5 years. 
Potency period 24 months. workers, and those in month intervals. A Satisfactory anam- 
Store at 35.6° to 50° F. (2° occupations associated third (reinforcing) nestic response to 
to 10° C.) with horses. 0.1 ml. dose SC or booster dose 10 
2. Tetanus and diphtheria 2. Allergic persons, those IM is given 12 mos. to 15 years after 
toxoids combined (precipi- with chronic skin ulcers after the second. initial series. 
tated absorbed), adult use, and those who have had 
5 ml. vial. Potency period tetanus antitoxin or 
24 months. horse serum. 
3. Tetanus toxoid, fluid. 3. Three 0.5 ml. doses 
at 1 month inter- 
vals. 


i 


REQUIRED REPEAT INOCULATIONS COMMENTS 


oo TE ee 
. Routine booster dose: 0.1 ml. 1 year after initial Persons who have not received toxoid immuniza- 
series. Repeated quadrennially (Leap Year) tion and in whom passive immunization is neces- 
with 0.1 ml. toxoid SQ or IM. sary should be started on active immunization 
2. Emergency booster dose: 0.5 ml. at the same time by simultaneous injections of 
a. Upon incurring punctured or lacerated T.A.T., 5,000 to 10,000 units, and tetanus toxoid 


i 


wounds, animal bites, burns or other con- in separate extremities. : 
taminated wounds. In severe injuries with prolonged shock or if treat- 
b. Upon undergoing secondary operations or ment is delayed 24 hours, simultaneous inocula- 


open manipulations when contamination with tions of 10,000 units of T.A.T. and toxoid booster 

tetanus bacilli or spores is likely. separately may be advisable in debilitated or 
c. All wounds should be properly debrided and partially immunized persons. If treatment is 

cleansed promptly. If more than 3 hours prompt a toxoid booster will suffice. 

elapses prior to local therapy, give booster 

even if wound is trivial. 


Susser rn nnn ne 
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™ The indications for tetanus toxoid active immunization are: (1) rou- 
tinely for all people at all ages; (2) to confer passive immunity against 
neonatal tetanus upon the infant through active immunization of the 
pregnant mother. Schofield et al. showed that 3 injections provided 
substantial protection against the risk of neonatal tetanus. 

A plea for nationwide tetanus toxoid immunization was recently 
made*? based upon an excellent communication by Furste et al.°* The 
disturbing fact that 46 per cent of females and 28 per cent of males over 
18 years of age had not had tetanus immunization was noted. In con- 
trast, as a result of effective prophylactic programs carried on by the 
general practitioner and the pediatrician, only 8 per cent of females and 
4 per cent of males under 18 years were not actively protected. A further 
appeal was made to continue boosters and have the patient carry this 
information in his own health card obtainable from the American 
Medical Association. 

Reactions to the alum-precipitated toxoid are minimal (1 to 2 per 
cent), especially if the injection is given intramuscularly and followed by 
0.1 ml. of air. Doses, and booster intervals are noted on Table 2. A 
discussion of tetanus-diphtheria toxoids combined, precipitated, ab- 
sorbed (for adult use) is found in the section on diphtheria. 


Diphtheria 


Despite the fact that almost 40 years have elapsed since diphtheria 
toxoid came into general use, diphtheria remains a constant menace. In 
contrast to the overall downward trend since 1927, a slight increase in 
cases occurred in the southern states during 1958 through 1960. The 
case fatality ratio has shown relatively little change even with the 
availability of antibiotics, antitoxin and specialized medical care. There- 
fore it behooves all physicians to see that basic diphtheria immunization 
is performed and boosters be administered quadrennially. 


A study of 873 patients with diphtheria in the United States during 1960* 
reveals that 72 per cent had received no immunization, 9 per cent had a primary 
series but improperly spaced boosters, and only 10 per cent were fully immunized. 
A single death due to myocarditis occurred in the primary series group. This 
occurred in a 35 year old diabetic who received a primary series at 9 years of 
age. Sixty-eight per cent of this group had mild cases compared to 54 per cent 
of persons with no history of immunization. Fifty-seven deaths occurred among 
persons without a primary series. About 80 per cent of the cases occurred in 
children under 15 years of age. Bacteriological confirmation was obtained in 
75 per cent of the patients. 

A natural decline in diphtheria has occurred during the past 30 years in many 
countries, but none is so dramatic as that in Denmark, from 23,000 cases to 
as few as | case per year. Clinical experience has so established the effectiveness 
of diphtheria immunization in decreasing morbidity and mortality that it is a 
fully accepted procedure in the practice of medicine. That it has not been given 
to certain groups is evidenced, however, by more than 130 cases in the 1956 
Detroit epidemic. Many of these patients were from one part of the city where 
the population consisted of large numbers of low income persons from the 
South. In only 1 case had a primary immunization with a booster dose been 
given. Therefore, at times when our control measures lapse and the percentage 
of nonimmune persons in the population rises, an epidemic may ensue. It is 
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known that diphtheria can be brought under control in a community when 
some 70 per cent of the children (1 to 15 years of age) are effectively immunized. 
In addition, in those areas where the natural disease has been markedly reduced, 
boosters shouid be given every 4 years since the previous recurring antigenic 
stimulus has been removed. 


With the availability of adult tetanus-diphtheria (TD) toxoid the 
Schick test has been relegated to evaluation studies and is rarely used 
otherwise. The effectiveness of small doses of adult TD antigen in 
soldiers was proved by Cooch and Greenberg” when only 8.4 per cent 
were found to be Schick-positive after basic training. Three months 
later only one-third of this group was still positive although no immu- 
nization had been performed in the interim. In another study on 
adults only 50 per cent were found to be Schick-negative (immune). 
The problem of hypersensitivity to diphtheria toxoid in adults has been 
solved by the administration of relatively small doses of toxoid. These 
small doses have been incorporated into a standard preparation which 
contains the usual amount of tetanus toxoid and to which has been 
added 2 Lf doses of purified diphtheria toxoid per ml. After 3 properly 
spaced doses of this material 95 per cent or more of adults are found to 
be immune; after 2 doses, 80 per cent are immune. This combination 
eliminates the necessity for separate diphtheria and tetanus immuniza- 
tions unless sensitivity to the latter has been demonstrated. If adult TD 
is not available, Schick testing must be done prior to inoculation of 
standard (10 to 20 Lf) diphtheria toxoid. Toxoid sensitivity testing 
(Moloney) is also unnecessary when using the adult TD preparations. 
Although diphtheria toxoid is one of our best antigens, it has never 
proved to be 100 per cent effective. Dunnet et al.*7 report the death of 
an 8 year old who had received his booster 314 years previously. 

All persons should be immunized against diphtheria beginning in 
early infancy. Although studies have shown that newborn infants respond 
to an antigenic stimulus, a higher and more persistent titer will occur 
if the series is started between 4 and 8 weeks of life. Many studies have 
shown that while passive immunity in the young infant does exert some 
“blocking” effect against antibody production of diphtheria, pertussis 
and recently poliomyelitis,® it is not of sufficient importance to withhold 
these immunizing agents until 5 or 6 months of age. Further discussion 
on triple depot antigens will be found in the pediatric section. 

With the antigenic superiority of the alum-precipitated toxoids and 
the rapid development of protective antitoxin levels within 2 months 
which are sustained for several years with a second and booster dose, 
the need for diphtheria antitoxin should rarely occur. If the patient has 
not been immunized previously and a clinical diagnosis of diphtheria is 
made, antitoxin and penicillin must be given before bacteriological con- 
firmation can be made. The dose (20,000 to 75,000 units) depends upon 
the site of the membrane, the degree of toxicity and the duration of the 
illness.! After skin testing the antitoxin is usually given intramuscularly, 
but it is given intravenously if toxicity is marked or the patient has 
been ill more than 48 hours. Exposed susceptibles who can be observed 
are not given antitoxin. Cultures are made and they are started on 
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Table 3. Immunization Against Diphtheria (For Adults) 
oe ee ee 


IMMUNIZING ADULT METHOD OF EXPECTED DURA- 
AGENT RECOMMENDATIONS ADMINISTRATION TION OF IMMUNITY 


Deen ee eee eee ee eee eee 
1. Tetanus and diphtheria tox- Forallindividualsun- Two 0.5 ml. doses intra- Four to five years, 


oids combined, precipitated less Schick-nega- muscularly 1 to 2 but partial pro- 
absorbed (adult use), 5 ml. tive. However use months apart, but not tection probably 
vial. Potency period 24 of adult TD obvi- over 4 months. lasts for years. 
months at 35.6° to 50° F. ates the need for A third (reinforcing) in- 
(2° to 10° C.). Schick or Moloney jection 0.1 ml. is given 

2. Diphtheria toxoid alum- tests for toxoid sen- about 12 months after 
precipitated (if sensitivity sitivity. the second. 
to tetanus toxoid demon- Adult TD preferred to 
strated). avoid Schick or toxoid 


sensitivity tests. 
Ee ee eens 
REQUIRED REPEAT INOCULATIONS COMMENTS 


ee ee ew 
Routine booster: 0.1 ml. IM recommended quad- If adult type TD is not available, Schick test itself 


rennially. Combined tetanus-diphtheria toxoids may convert previously immunized patient re- 
(adult use) to be used if basic immunizing series acting positively to negative. Recheck with 
has been given. second Schick test in 3 weeks if practicable. 
Emergency booster: 0.5 ml. IM. Give for exposure If pronounced sensitivity is elicited by Moloney 
to diphtheria or suspected disease. test, do not immunize. 
Do not use pediatric TD toxoid in persons over 10 The occurrence of local edema, induration or 
years of age. erythema more than 6 cm. in diameter after any 


dose in the series, or marked constitutional re- 
action with fever over 101° F., is a contraindica- 
tion to further doses of the toxoid. 


penicillin therapy, then given a recall injection or their first dose of 
depot toxoid. Severe reactions to a test dose or to any injection of the 
series would contraindicate further immunization. Constitutional reac- 
tions have been minimal (1 to 2 per cent).? 

Local reactions such as sterile abscesses are unusual especially if the 
intramuscular injection is followed by 0.1 ml. of air to empty the needle. 
Table 3 outlines the methods of immunization. 


Pertussis 


In the period 1940-1948 whooping cough killed 3 times as many 
infants under 1 year of age in the United States as rubeola, mumps, 
varicella, scarlet fever, diphtheria, poliomyelitis and meningitis com- 
bined.** The severity of the disease in the catarrhal stage may be lessened 
by the use of antibiotics and gamma globulin,* but since presently 
available vaccines afford as high as 85 to 90 per cent protection, the 
health officer will logically elect to immunize actively all infants against 
pertussis between 4 and 8 weeks of age. 

Studies performed under the auspices of the British Research Council 
since 1951 have established that the present vaccines (purified antigenic 
Phase I fraction of Bordetella pertussis) are potent and safe. With 
standardization of an acceptable level of potency of the vaccines by the 
intracerebral challenge mouse protection test and adoption of 12 anti- 
genic units as a total immunizing dose, recent controlled field and 
laboratory trials with present vaccines have shown a considerable degree 
of protection, Twelve antigenic N.I.H. units (1.5 ml.) of the fluid 
vaccine is not less in potency than 90,000 million bacteria of the N.I.H. 
standard pertussis vaccine. The alum-absorbed toxoid contains about 
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48,000 million organisms in 1.5 ml. since it produces a higher agglutinin 
titer than the plain vaccine, particularly when combined with diphtheria 
and tetanus toxoids. 

Since our last review Cockburn?’ and Strom"™? discussed the problem 
of severe and rarely fatal reactions following pertussis vaccination. Prior 
to the ceiling (with top and bottom limits) being placed on the antigenic 
content of pertussis vaccine, 11 postvaccinal deaths were reported 
(1944-1952), but none has occurred since then.*' In spite of this, any 
infant with cerebral dysfunction or repeated seizures should be over 1 
year of age before starting pertussis vaccine. In such infants single 
rather than multiple antigens are recommended and fractional doses 
should be employed.' Acetylsalicylic acid, 65 mg. per year of age, up to 
324 mg. total, may be given within 4 hours of the injection and repeated 
every 4 hours as indicated. Cockburn”® concluded that the disease is a 
serious one, and even though the risks involved in vaccination are real, 
they are much smaller. 

Karly vaccination of infants was recommended by Kaufman and 
Bruyn” in a recent study of 199 children with pertussis of which only 
13 had been completely immunized. Despite a forty-fold decrease in 
cases reported since 1930 in the state* (10,750 in 1930 to 251 cases in 
1961), the Massachusetts Institute of Laboratories* continues to study 
methods to improve the vaccine and standardize its potency. During 
this same period in Massachusetts deaths from pertussis decreased from 
182 in 1930 to 22 in 1940, to 11 in 1950, and to only 1 in 1960. Other 
rare complications of vaccination that have been reported are purpura 
and allergic edema. A discussion of the nature of the cerebral reaction 
may be found in Lamm’s text.*® Certainly a severe febrile reaction with 
or without convulsions would direct one to delay the series of inoculations 
for 2 months. One would then try 0.05 to 0.1 ml. doses of plain pertussis 
vaccine, using antipyretics at 4 hour intervals for 24 hours. 

Recent studies in England!’ and the U.S.® have shown that the 
neonate and young infant can produce significant antibodies which 
afford protection against pertussis. This occurs whether pertussis vaccine 
alone is given during the first 6 weeks of life or given as the combined 
D.P.T. toxoid starting at 2 to 3 months of age followed by a booster 6 
to 12 months later. Interference with antibody formation does not occur 
since the newborn is devoid of passively transferred maternal antibodies. 
In communities having a low incidence of pertussis the vaccine may be 
delayed until 3 to 6 months of age, especially if the older siblings have 
been properly immunized. Routinely, the vaccine is given at 6 weeks of 
age as the D.P.T. toxoid consisting of 3 injections, 0.5 ml. each, at 
monthly intervals with a booster at 12 months of age.’ 

Fluid (plain, nonabsorbed) pertussis vaccine may be given any time 
after birth for the following circumstances:! 


1. To achieve rapid protection during the epidemics of pertussis: Three equal 
doses of 4 N.I.H. units (0.5 ml.) each may be given subcutaneously at intervals 
of one week. Greater and more prolonged protection will result if the intervals 


are longer, i.e., 3 to 4 weeks. 
* Dr. G. Edsall, Superintendent of the Institute of Laboratories. 
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2. For recall injections to obtain rapid protection following exposure to 


pertussis. ; ; 
3. For the older infant or child who has already been immunized with TD 


toxoid, especially the child with cerebral dysfunction or a history of seizures. 


Recall injections are given at intervals of 2 to 3 years after the first 
booster at 12 to 18 months of age. There is probably little indication 
for maintaining active immunity to pertussis beyond 6 years of age,** 
although older children show little tendency toward severe reactions. 
Most physicians agree that immunization after 8 to 10 years of age is 
unnecessary since pertussis after this age is not likely to be severe. 


Poliomyelitis 

Ten years ago we wrote:*8 “Sabin has found virulent and nonparalytic 
producing mutants in his cultures and from these may be developed a 
vaccine of living virus that will prove satisfactory in producing prolonged 
effective immunity.’’ Today over 150 million persons have received 
Sabin oral vaccine (S.O.V.) which has proved most satisfactory because 
of its safety, protective value and low reaction rate. In the interim about 
500 million doses of Salk vaccine have been given with almost equal 
safety, protection and low reaction rate.® Since the success and efficacy 
of the Salk vaccine have recently been reviewed*!: 2° ©° these will not 
be discussed. The killed virus vaccine has undoubtedly more than 
fulfilled most medical authorities expectations with a sharp drop in the 
incidence of poliomyelitis since 1955."%° A constant drop from an average 
rate of 30 (1949-1954) to about 1.5 cases per 100,000 for 1960 in the 
U.S., and from 27 to about 0.15 cases per 100,000 in Australia, Denmark 
and Sweden vouches for its effectiveness; however, it appears that the 
killed vaccine will be superseded by the more easily acceptable oral 
vaccine for the following reasons :?*; %° 


1. Antibody Response. Batson et al.? have shown that 80 per cent serological 
response occurred in 6 to 18 week old infants fed 8.0.V. in the monovalent 
form at 6 week intervals. High levels of passive antibody of maternal origin did 
not interfere with production of active antibody. Pagano et al. noted that 
maternal antibodies in prematures did not interfere with infection by CHAT 
type 1 live poliovirus vaccine nor was there obvious inhibition of active immu- 
nologie response. One hundred per cent serological response is possible if the 
vaccinees are over 6 months of age, are free from concurrent infections with 
other enterovirus, and the proper dose of vaccine and intervals are utilized229 

2. Rapidity of Immunity. After a single dose of any of the 3 types of S.0.V. 
immunity can be produced in about one week.!”® This is most important in the 
young infant who may not respond to the killed vaccine. 

3. Hase of Administration. People do not accept injections readily,38- 76 but 
will accept oral inoculations as evidenced by recent mass 8.0.8. (Sabin on 
Sunday) campaigns which resulted in the vaccination of 90 per cent of the 
populace of several cities. Oral administration has eliminated the need for 
syringes, needles and sterilization equipment and has resulted in extensive 
coverage of all age groups owing to the simplicity of inoculation. The basic 
principles of the methods successfully used are outlined by Sabin.29 

4. Vaccine Effectiveness. The protection resulting from active immunity 
produced by the live vaccines has been well demonstrated in extensive field 
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trials?® in Russia, Germany, Yugoslavia, South Africa, South America and in 
this country. In addition, these trials have shown how rapidly poliomyelitis can 
be eliminated from large populations. The immunity produced appears to be as 
good as after natural infections. The live vaccines probably induce cellular 
alterations in the intestinal mucosa similiar to those of the natural disease, as 
predicted by Raffel.!8 

5. Resistance to Reinfection. The killed vaccine does not prevent enteric 
invasion by “‘wild’’ virus, whereas extensive multiplication of the live strains in 
the intestinal tract produces a local resistance to reinfection that is independent 
of the serum antibody. Thus, “wild” virus dissemination in the community is 
prevented. It is estimated that, if 70 to 80 per cent of the community is immu- 
nized, the “wild” strains would be unable to maintain themselves and, therefore, 
would be eradicated from that community. 

6. Immunizes the Unvaccinated (Herd Immunity). As a result of spread of 
the virus from vaccinated individuals to nonimmune contacts,?2% = another 
means is provided for the indirect protection of those who are not themselves 
vaccinated. Thus many adults, particularly parents, become immune by contact 
with vaccinated children. 

7. Safeness. Until recently there were no reports that anyone had developed 
an illness due to live vaccines. In September 1962 Terry*: ™ and his advisory 
committee, after evaluating 13 cases of poliomyelitis which followed inoculation 
with type 3 oral polio vaccine (O.P.V.), concluded that 11 were possibly vaccine 
related. All patients were 16 to 52 years of age with 8 over 30, and there was a 
clustering of the intervals from vaccine feeding to onset within a 2-3 week 
period. Therefore the committee recommended that type 3 vaccine be restricted 
to children and high-risk adult groups. In December, 1962, after further study 
of these 11 cases and a few new ones, the committee concluded that no single 
case could be attributed to the vaccine. They recommended resumption of type 
3 O.P.V. programs and emphasized the importance of immunizing all children; 
parents of young children; pregnant women; persons in epidemic situations and 
those going overseas. Terry’s committee estimated that the maximal overall 
potential risk for types 1 and 3 was of the order of 1 per million or less, but 
higher for those over 30 years of age. There was no indication of risk for type 2 
vaccine. 

To date there are no reports of any deleterious effects upon the mother or 
fetus. There is some evidence, however minimal, of genetic instability of the 
vaccine in that an increase in neurovirulence has occurred in monkeys following 
inoculation of isolates of the attenuated virus from human feces. However, 
careful observations of contacts has not revealed any untoward reactions. 

8. Prevention of Epidemics. Because of an early onset of immunity, the 
ability to interfere with naturally occurring poliovirus infections, and the ease 
with which mass immunization can be carried out in a very short time,!° the 
S.0.V. has proved most successful in aborting several large outbreaks. One of 
the most dramatic results occurred in New York State in 1961. An epidemic 
was aborted in 2 weeks time after a massive 3 day campaign with oral vaccine. 
In the face of an epidemic Sabin!’® advises: (1) start early; do not wait until 
the epidemic is full blown: (2) give vaccine quickly within a few days, especially 
to children and their parents. The definition of an epidemic: the occurrence of 
at least 3 cases of poliomyelitis within 1 month, 2 caused by the same virus type. 

9. Durable Immunity. Biennial doses of the killed vaccine are recommended" 
and some® advise annual boosters depending on the commercial vaccine used, 
whereas antibody levels have been maintained for 8 years"™*® after basic O.P.V. 
immunization. It is not unreasonable to hope that immunity will persist for life. 


* Surgeon General, U.S. Public Health Service. 
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Table 4. Immunization Against Poliomyelitis 
SE ee 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 


ee ee ee eee eee 
Poliomyelitis vaccine, oral, All infants over 6 weeks of Oral, 2 drops or 2 ml. Prolonged at least 


attenuated, Sabin, types age, children, young Monovyalent vaccine 4 to 5 years. 
1, 2 and 3. adults, medical person- at 6 to 8 wk. inter- 
Store below freezing 0° C. nel, pregnant women, vals. Type 1 first 
(822 5B) parents with young chil- then type 3, type 2 
After thawing store at 35° dren, all persons in epi- last. 
to 50° F. (2° to 10° C.). demic situations and Trivalent vaccine: 6 
prior to overseas travel. drops or 6 ml. 1 to 3 


months later. 
eee —————————————eees 
REQUIRED REPEAT INOCULATIONS COMMENTS 


TEEN 


Booster dose: Trivalent vaccine, 6 drops or 6 ml., Thawed vaccine should not be used beyond the 7 


at time of epidemic to all persons using the day period. Do not refreeze thawed vaccine. 
“simultaneous saturation” technique. Avoid inoculation in summer and during per- 
Routine booster dose: Unknown at present. sistent vomiting or diarrhea. 


Vaccine may be given at 24 day intervals, with 
types 2 and 3 at one time, but trivalent vaccine 
must be given 1 to 2 months later. 


The disadvantage of S.O.V. results from the interference phenomenon. 
Certain enteric viruses if actively multiplying in the intestinal tract at 
the same time that S.O.V. is given will interfere with the production of 
antibodies. If a mixture of all 3 types of poliovirus is given to nonimmune 
persons, infection with type 1 is readily suppressed by infection with 
the other types, and type 2 tends to overgrow in the presence of the 
other two. Therefore, each type is administered separately at 6 to 8 
week intervals and type 2 is given last. In addition, one dose of the 
trivalent vaccine is given 1 to 3 months (or more) later to overcome 
any interference. The vaccine is best given during the late fall, winter 
and spring months to avoid the enteroviruses. One other disadvantage 
is that the vaccine must be stored in the frozen state, and the present 
shelf life after thawing is only one week. 

Reactions have been nil and there are no known contraindications to 
the live vaccines. The amounts of antibiotics in a dose of oral vaccine 
are so small that hypersensitivity is not a contraindication.2 The vac- 


cines are propagated on monkey kidney tissue. The dose and intervals 
are noted on Table 4. 


Influenza 


Confusion still exists in medical circles as to the indication for influ- 
enza vaccination. Recommendations and commentaries’® in medical 
journals have sometimes added to this dilemma especially when a flu 
epidemic is anticipated. The public is further confused by differences in 
policy and programs agreed upon by national groups but not reflected 
by local action at the community level.!2 

In the past 20 years“! over 20 successful trials have shown the protec- 
tive value of the vaccines. The average protection found after 18 
experiments with types A,Ai and Asian flu vaccines was 78 per cent 
(41 to 94 per cent) and after 4 trials using influenza B and B, vaccines 
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was 90 per cent (63 to 96 per cent). Only 2 vaccine failures occurred 
(1947 and 1955) in these studies. In these 2 years the vaccines given did 
not provide an antibody coverage sufficiently broad to cope with the 
strains then prevalent.2° The Commission on Influenza of the Armed 
Forces Epidemiological Board reported that U.S. military personnel 
were relatively unaffected during 1960 by large outbreaks of influenza B 
among the civilian populace. They noted after a detailed analysis of 
strains currently prevalent that there was a common sharing of antigens, 
and it was shown that the vaccine presently used in the Armed Forces 
induced antibodies that are oriented against strains of the new subtypes 
of prevailing virus. Thus there is firm immunologic basis for crediting 
protection of the military to vaccination with older isolates.27 

Recent studies in children” and adults?® using vaccines of proper 
constitution and potency, and in sufficient dosage at appropriate inter- 
vals, have conclusively shown good antibody levels and clinical protec- 
tion. One very important factor is the proper diagnosis of “flu.’’ Without 
well controlled studies which include serologic and virus isolation sur- 
veys, influenza vaccination may be erroneously condemned. Parrott 
et al.!°S showed that influenza (1957-1958) as a cause of respiratory 
infections in hospitalized children accounted for only 5 per cent of cases 
whereas adenovirus accounted for 6 per cent, parinfluenza 16 per cent 
and respiratory syncytial virus 21 per cent. He and others”: 14; 33 have 
noted that influenza can be quite severe even when uncomplicated by 
bacterial infection. Since no specific therapy is available for flu, the 
advisability for routine vaccination becomes obvious, especially in high- 
risk groups. Also, in any given year it is not possible to predict the 
extent or severity of an epidemic. 

When vaccination is given it must be done in an orderly fashion with 
repeated doses starting early in the fall. After the first injection, anti- 
bodies reach a maximum level during the second week.’ Studies?* have 
shown the need for a second dose 2 weeks later for children and 1 to 
2 months later for adults, which produces more sustained and higher 
antibody levels. The high-risk groups requiring routine annual influenza 
vaccination are (1) persons of all ages who suffer from chronic debilitating 
disease, especially cardiopulmonary, renal and metabolic disorders; (2) 
pregnant women; (3) persons over 45, especially over 65 years of age; 
(4) infants, especially between 3 and 12 months of age; (5) persons in 
critical services such as medical, health, public utilities, teaching, com- 
munication, military and specialized industry. 

Absenteeism has been greatly reduced in industry by influenza vac- 
cination.2® Physicians should give serious consideration to the health of 
the community, and especially to pre-school children whose attack rate 
is the highest in time of epidemics.” It appears that general vaccination 
would be most effective in school children since this age group would 
undoubtedly decrease the incidence of flu among others. 

The Armed Services are presently using the new 6-strain vaccine 
(1000 CCA [chick cell agglutination] units per ml.). This polyvalent 
vaccine contains: 
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Influenza Group A 


400 CCA units Asian (Az) strain (Jap 305) 
100 CCA units Swine strain 

100 CCA units PR-8 strain 

100 CCA units A,/AA/57 strain 


Influenza Group B 


200 CCA units Great Lakes (1954) strain 
100 CCA units Lee (1940) strain 


In years of anticipated epidemics it would be ideal for all groups to 
receive this new vaccine since the mortality rates are greatly increased 
in these years and death, often occurring after a total illness of only 3 
days, is not necessarily related to bacterial complications.'*: 

With the new vaccines local reactions, soreness and swelling are 
common but rarely last 48 hours. Systemie reactions are rare except in 
children (20 per cent) who developed fever for 24 hours. Antipyretics 
should be used prophylactically. Our experience has shown that typhoid 
vaccine produces a higher reaction rate. The only contraindication to 
flu vaccination is known hypersensitivity to egg protein. See Table 5 
for dose, intervals and route of inoculation. 

The problem of duration of protection appears to be solved. Well 
controlled studies with adjuvant influenza*® (and adenovirus®) vaccines 
have shown a very low reaction rate, high and persistent (38 years) 
antibody titers, and a protection ratio for Asian flu of 94 per cent with 
a dose of 0.25 ml. These findings show the mineral oil-arlacel adjuvant 
vaccines in small doses to be superior to the aqueous types. It is antici- 
pated that these will be available next year. The addition of adenovirus 
to these vaccines further enhances their value to adults. The durable 
protection afforded will avoid the necessity of annual revaccination and 
make them more acceptable to the physician and his patients. 


Table 5. Immunization Against Influenza 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 
i a 
Influenza vaccine, polyvalent High-risk groups. Ilml. X 2SCat1to Twelve months for 
(6-strain) A and B; 1000 1. Chronic debilitating dis. 2 mo. intervals aqueous vaccine. 
CCA units per 1 ml. A 2. Pregnant women. prior to 1 Oct. 
killed suspension A and B_ 3. Over age 45 yrs. Intradermal route not Three years for 
influenza virus cultured in 4. Age 3-12 months. recommended. adjuvant vaccine 
embryonated eggs. 5. Personnel in critical For children’ see 
Vial 30 ml. Potency period 18 services: medical, health, Table 8. 
mos. stored 35.6° to 50° F. public utilities, educa- When adjuvant vac- 
(2? to 10° .C.). tion, communication, cine is available, 
industry, military. 0.25 ml. < 2: IM. 


6. Institutionalized persons. 


--—-? ————_—_—_—m— ee a — — — — — 
REQUIRED REPHAT INOCULATIONS COMMENTS 


Booster: 1.0 ml. SC of aqueous vaccine annually Do not freeze vaccine. 


prior to 1 Oct. : : If a person can eat eggs without allergic reaction, 
Emergency dose: 1.0 ml. SC. Epidemics may move he can be vaccinated safely. 


slowly and appear late in winter. A single dose In presence of strong allergic history or reactions 
is better than none. to other vaccines, skin test: 0.1 ml. of vaccine, 
endermally (ED). 


—_— eS 
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Measles 


During the past 50 years the mortality of most of the infectious 
diseases has fallen with the exception of hepatitis and certain of the 
encephalitides. Morbidity rates have also decreased although to a lesser 
degree. But measles shows a striking exception to these trends. During 
the last 10 years the notification rates have varied between a low of 
406,162 in 1959 to a high of 763,094 in 1958.1 Almost 424,000 cases 
were reported in 1961 with approximately 400 deaths. These figures are 
undoubtedly lower than the true incidence since many cases are not 
reported and deaths may be attributed to the secondary complications 
rather than the primary disease. During 1955 in Mexico over 10,000 
children, four-fifths of whom were under 5 years of age, were reported 
to have died from measles or a complicating pneumonia. Countries such 
as Nigeria, Colombia, Greenland and India have reported a high inci- 
dence of deaths due to the effect of measles or its complications on 
underlying diseases such as tuberculosis, kwashiorkor or protein defi- 
ciency states. These factors have been discussed by Katz*! in his excellent 
review on rubeola. 

Since measles is a universal disease, always present in pandemic form 
and has an attack rate (95 to 100 per cent) higher than any other 
infectious disease, it would be impossible to inactivate it or to interfere 
with its transmission. Therefore, one must strongly consider the use of 
active immunization to increase resistance of contacts. What should 
vaccination accomplish? It should not cause a reaction greater than the 
disease itself. It should reduce morbidity and mortality (5 to 25 per 
cent) in certain epidemics. It should reduce bacterial complications (5 
to 15 per cent) such as otitis media and pneumonia, and viral compli- 
cations such as croup, bronchiolitis and giant cell pneumonia. The most 
important reason to use the vaccine would be to avoid encephalomyelitis. 
The incidence approximates 1 in 1000 cases with permanent brain 
damage occurring in 75 per cent of patients. 

In the past 5 years numerous clinical studies*” 77 °°: > with live 
(Enders) and killed measles vaccines (Hdmonston strain) have provided 
sufficient experience (over 500,000 doses) to indicate that the vaccines 
are safe and effective. Measles vaccine appears to be acceptable because 
of the following properties: 


1. Ease of Administration. The live vaccine is given one time, 0.5 ml. 
subcutaneously with or without gamma globulin (0.01 ml. or 40 measles neutral- 
izing units/lb.) in a separate arm. The killed vaccine is given in 3 doses, 0.5 or 
1 ml. each at monthly intervals or in 2 doses followed by 1 dose of live vaccine 
1 month later. 

2. Reactions. No severe local or immediate reactions have occurred with live 
vaccine. Between 20 and 70 per cent of vaccinees receiving live virus vaccine 
have had fever (102° F. average), and 5 to 40 per cent have had a rash of 48 
hours’ duration occurring 1 week after inoculation. The addition of gamma 
globulin reduces the incidence of fever (101° F. average) to 20 per cent and 
rash to 5 to 10 per cent. Less than 5 per cent of vaccinees who received 2 doses 
of killed vaccine plus live vaccine (KKL) developed systemic reactions. Local 
reactions occurred in 20 per cent of vaccinees receiving KKL or 3 doses of 
killed vaccines (KKK), and in several patients nodules oceurred which subse- 
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quently drained nonpurulent material.’ Fever (less than 102° F.) occurred in 
10 per cent of recipients of killed vaccine and lasted about 24 hours. There have 
been no bacterial infections or evidence of central nervous system complications 
following over 500,000 immunizations with live vaccine B. 

3. Absence of Communicability. There has been no spread of the virus from 
vaceinated children to their contacts*! nor have susceptible contacts acquired 
overt or inapparent infections as shown by clinical and serological studies. 

4, Serologic Response. Live virus will produce serum antibodies against 
measles in 95 to 97 per cent of the vaccinees within a 2 to 3 week period. Admin- 
istration of gamma globulin (0.01 ml./Ib.) produces little difference in antibody 
production. Over a 4 year period these antibodies have remained quantitatively 
and qualitatively indistinguishable from those detected in children after natural 
measles.*! Both KKK and KKL vaccinee groups showed 90 per cent conversion 
rates.*7 Studies have shown that antibodies may no longer be detectable 3 to 8 
months after immunization with killed virus vaccine.!® In addition, significant 
antibody titers do not occur for 2 to 4 months after the first dose of the killed 
vaccines. Since the live virus produces protection within the incubation period 
of natural measles it may prove valuable in aborting an epidemic, particularly, 
if an attenuating dose of gamma globulin is given at the same time. 

5. Prophylactic Efficacy. Field trials*! have shown the protective value (100 
per cent) in immunized children exposed to measles within 2 to 3 years after 
the live vaccine. Studies with killed vaccines have also shown good protection 
(65 per cent), but if only those cases noted 14 or more days after the third dose 
(KKK) were included then 96 per cent protection occurred.1 Further observa- 
tions are in progress with the killed and further attenuated (77 passage) live 
vaccines.*”, 185 


Leukemia is a definite contraindication to live measles vaccine. It 
should not be administered to a child with an acute febrile illness. Since 
the vaccine is cultured on chick embryo cells, known sensitivity to eggs 
should caution one to use antihistamines at the time of inoculation. 
Maternal antibodies in the infant under 6 months of age will inhibit 


Table 6. Immunization Against Measles 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 


Measles, live (Enders) vac- All children over 8 Live vaccine: 0.5 ml.* SC, Live vaccine over 5 


cine (Edmonston strain) months of age, in- one dose. Use within 8 years, probably in- 
grown on chick embryo stitutionalized pa- hours cf reconstitution. definitely if given 
tissue. Store at 5° C., tients, those with Killed vaccine: 0.5 ml.* after 8 months of 
(41° F.) or below. debilitating disease IM X 3 at monthly in- age. 

Measles, killed, alum-pptd., and nonimmune tervals or X 2 then 4 Unknown for killed 
formalin—inactivated. pregnant women. weeks Jater live vaccine vaccine, 
Storeat 4°C. (42° F.). Use killed vaccine 0.5 ml.* X 1 dose. 


during pregnancy. 
Eee 


REQUIRED REPEAT INOCULATIONS COMMENTS 


SS Sh—h SSS 

Live vaccine: Probably none. Booster may be Measles immune globulin: 0.01 ml./lb. may be 
necessary if first dose given between 6 and 8& given in separate arm concurrently with live 
months of age or within 6 weeks of gamma glob- vaccine. Contraindicated in patients with leu- 

a injection. kemia, on steroids, severe febrile illness, or 
illed vaccine: unknown. hypersensitivity to egg or chicken. 


eee. 
* Follow manufacturer's directions regarding volume of dose., 
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antibody production by the live but not the killed vaccine.1® If gamma 
globulin has been given 6 weeks prior to inoculation, antibody production 
will be poor. Table 6 outlines inoculation schedules and procedures. 


The Status of Immunization in 1963 


Pediatric Aspects of Immunization 


The trend toward the use of multiple antigens and toward immuni- 
zation at earlier ages reported®s previously is now well established. The 
effectiveness”: ° '7 of the alum-precipitated or aluminum hydroxide ab- 
sorbed antigens has been adequately demonstrated by the marked 
reduction in incidence and mortality rates for the common contagious 
diseases. The immune response attainable in early infancy is such that 
combined D.P.T. toxoid is routinely started at the time of the first well 
baby examination at 4 to 8 weeks of age.!» 7 The recommended schedule 
is noted in Table 7. 

With the use of depot antigens, higher titers result when inoculations 
are given at 1 to 3 month intervals. If only 2 injections are given even 
if 6 months apart, excellent diphtheria and tetanus antitoxin titers will 
be attained, but a third injection must be given to attain adequate 
pertussis antibody levels. Using D.P.T. toxoid for the third injection 


Table 7. Pediatric Immunization Schedule 


NO. 
aN DORs) INTERVAL, ROUTE AND QUANTITY OF EACH DOSE 
AGENT BASIC 
SERIES 
1 mo. to 5 mos. 6 mos. to 5 yrs. 6 to 9 yrs. 
Diphtheria and tetanus 4 0.5 ml. deep IM. First 0.5 ml. deep IM Not recommended. 
toxoids and pertussis 3 doses 1 to 3 mos. at same intervals Use _ diphtheria- 
vaccine, absorbed apart. Fourth dose as 1 to 5 mos. tetanus toxoid 
(DP: T.) U.S.P: 8 to 12 mos. later. age. Follow in- combined (Pediat- 
jection with 0.1— Tic) in same dose 
0.2 mil. air. and schedule. 
Smallpox vaccine, U.S.P. 1 See Table 1. Give at See Table 1. Re- See Table 1. Read 
time of 2nd or 3rd vaccinate at time result on 7th to 
D.P.T. or before of 3rd D.P.T. if 9th day and revac- 
overseas travel. primary reaction cinate if required. 
did not occur. 
Poliomyelitis vaccine, 4 Two drops orally at 1 Same as 1-5 mos. Same as 1 mo. to 5 


oral, attenuated (Sabin) 
types 1, 2 and 3. 


to 2 mos. intervals. 
Type 1 first. then 
type 3 and type 2 
last. Trivalent vac- 
cine 1 to 3 (or more) 
months later. 


Types 2 and 3 
may be given 
together but one 
dose of trivalent 
vaccine must be 
given 2 months 
later. 


years. Not less 
than 24 days be- 
tween doses. 


BOOSTER DOSES 


COMMENTS 


1. D.P.T. 0.5 ml. at 12 to 18 months age then 0.25 Tetanus-diphtheria toxoids (adult use) should not 
be used to. immunize children. May be used for 


ml. at 4 to 5 years age. 
2. Tetanus-diphtheria toxoid (for adult use) 0.1 
ml. quadrennially and 0.5 ml. at time. of injury. 
3.. Smallpox—revaccinate quadrennially (every 4 


years). 


4. Poliomyelitis, oral—unknown.. 


pertussis exposure. 
Give 0.5 ml. diphtheria-tetanus toxoid (Pediatric), 
combined for child under 10 yns. of age at time 
of diphtheria exposure. See Table 6 for measles 


vaccine. 


a booster in children over 6 years who have been. 
properly immunized as above. This prepayation, 
may be used in place of Schick test. 

Give 0.5 ml. fluid pertussis vaccine at time of 
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will increase the titers by a hundredfold. Boosters given 6 to 12 months 
later will maintain these highly protective levels. If the third dose of a 
series is missed, i.e., not given within a 3 to 6 month interval, it is not 
necessary to “restart” a series of immunizations. After the first booster 
(fourth injection) of 0.5 ml. is given, subsequent doses may be reduced 
to 0.25 ml. These are given at 3 to 4 year intervals. In an epidemic 
situation or after direct exposure, booster doses of pertussis or diphtheria 
are advisable. At the time of an injury, however minor, tetanus toxoid 
must be given unless the last booster was given during the previous 12 
months. An ideal time for D.P.T. and typhoid boosters would be just 
prior to a camping or overseas trip. 

In this connection we and others®* have been amazed at the opposition, 
apathy. and occasionally fear of vaccination which some parents have 
shown. Recent surveys‘: °7 have revealed that in spite of the availability 
of free vaccines the vaccination rates were low. Certainly we agree with 
Meyer and Haggerty®’ that such procedures should be carried out on a 
family-wide basis with the parents receiving their vaccines at the same 
time as their children. 

There are few contraindications to immunization in children but 
certain precautions are necessary in order to preserve a good record of 
almost complete freedom from complications. 


Precautions. 1. Careful sterilization of equipment and cleansing of skin 
with 70 per cent alcohol or 2 per cent tincture of iodine. 

2. Inject depot antigens deep intramuscularly and follow with 0.1 to 0.2 ml. 
of air. Give all injections in the midanterolateral thigh of infants and young 
children® to avoid sciatic nerve injury. 

3. Antigens without adjuvants (fluid or plain vaccines) may be given intra- 
cutaneously or subcutaneously. 

4, Always rotate injection sites. 

5. Immunize only well infants. If a child has an allergic rhinitis or is in the 
convalescent afebrile phase of a mild respiratory infection the inoculation may 
be given.. 

6. Acetylsalicylic acid, 65 mg. per year of age, may be given 2 to 4 hours 
after injection, especially if a previous inoculation produced fever. 

7. Always question regarding a past history of febrile convulsions or the 
occurrence of fever, somnolence or unusual reaction following a previous injec- 
tion. If any of these have occurred then the volume of the next injection should 
be reduced to 0.05 or 0.1 ml. If a severe reaction such as a convulsion or allergic 
rash occurred, single antigens only should be given in small fractional doses at 
weekly intervals. Aspirin in combination with phenobarbital, 30 mg. per year 
of age up to a total of 120 mg. may be given 2 to 4 hours after injection and 
repeated in 4 hours as indicated. 

8. Patients receiving steroids should have active immunization deferred since 
optimal antibody response is not attained. 

Conrrarnpications. 1. Active infection or fever (over 101° F.). Final 
immunity will be excellent even if intervals between injections are prolonged 
up to 6 months. 

2. Cerebral dysfunction in an infant should delay immunization until after 1 
year of age. Fractional doses of single antigens should be employed. 

3. During an outbreak of poliomyelitis one should defer inoculations or use 
fluid vaccines instead of the depot type in infants over 6 months of age who 
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have not been immunized against poliomyelitis. Paralysis may occur in the 
extremity injected with the depot vaccine. 

4. Smallpox vaccination in an eezematous child or the siblings of an ecezematous 
child. In children with impetigo or generalized dermatitis, vaccination should 
be deferred until the skin is clear. A mild nonspecific diaper rash should not 
delay smallpox vaccination. The allergic child should receive all other immuni- 
zations in a routine manner. 


Reactions to D.P.T. toxoid are infrequent and rarely severe when the 
above precautions are followed. Our experience compares to others? with 
only 10 sterile abscesses in over 15,000 combined toxoid (depot) injec- 
tions. Only one of these drained spontaneously and none was incised. 
Fever (over 101° F.) occurred in a small percentage of patients. The 
fever rarely continues beyond 12 hours. 

Immunization against typhoid fever is not recommended as part of a 
routine program in infants and children, but should be carried out in all 
cases where an epidemic exists or the child lives in or is moving to an 
endemic area. The indications for influenza vaccine are discussed in that 
section; however, many pediatricians and most epidemiologists are 
recommending influenza vaccine for all young infants as well as children 
with chronic diseases. The dose is noted on Table 8. Measles vaccine 


should be given to all susceptible children (see Table 6). 


With increased world travel, children often accompany their parents 


Table 8. Special Pediatric Schedule 


NO. 
ERED REZING DORE: INTERVAL, ROUTE AND QUANTITY OF EACH DOSE 
AGENT BASIC 
SERIES 
1 mo. to 5 mos. 6 mos. to 5 yrs. 6 to 9 yrs. 
Typhoid-paratyphoid 2 0.1 mJ. SC or IM at 0.2 ml.SC or IM at 0.3 ml. SC or IM at 
vaccine U.S.P. 4 week intervals. 4 week intervals. 4 week intervals. 
Booster: 0.1 ml. Booster: 0.1 ml. Booster: 0.1 ml. 
endermally every endermally every endermally every 
1-3 years. 1-3 years. 1-3 years. 
Influenza vaccine, poly- 2or3 0O.lml.SC X3.Two 0.2ml.SC X3.Same 0.5 ml. SC X 2 at 
valent A, B, 1000 weeks between Ist interval as 1 to 5 two month inter- 
CCA units per ml. and 2nd doses. Two mos. vals. Booster: Same 
mos. between Ist Table 5. as initial dose of 
and last. each series. 
Measles—Enders B iy Not given. 0.5 ml. SC. Booster: 0.5 ml. SC. Booster: 
(Edmonston _ strain) unknown, unknown. 
live vaccine. 
Typhus vaccine U.S.P., 2 Not given. 0.1 ml. SC then 0.3 0.3 ml. SC then 0.5 
epidemic. ml. in 4 weeks. ml. 4 weeks later. 
Booster: 0.1 ml. Booster: same as 
annually in en- initial dose of each 
demic areas, rou- series. 
tinely every 5 yrs. 
Cholera or plague vac- 2 Not given. 0.1 ml. SC, then 0.3 0.3 ml. SC, then 0.5 


cine U.S.P. 


Yellow fever vaccine, 
U. Silbs 


Not given unless ar- 
tiving in India 
from infected area. 


ml. 4 weeks later. 
Booster: 0.3 ml. 
every 6 months in 
endemic areas, rou- 
tinely every 3 yrs. 

0.5 ml. SC. Booster: 
0.5 mil. every 6 
years. 


ml. 4 weeks later. 
Booster: 0.5 ml. 
every 6 months in 
endemic areas, rou- 
tinely every 3 yrs. 

Same as 6 mos. to 5 
years age. 


Se EEE EEE EEE 
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overseas. They necessarily require the same immunizations, therefore 
the dosages? of cholera, plague, typhus and yellow fever are included in 
Table 8. 


GROUP II. IMMUNIZATION PROCEDURES WHICH ARE 
MANDATORY UNDER CERTAIN CIRCUMSTANCES 


There are several diseases for which immunization procedures are 
available but will be required only for those who travel to countries 
where such diseases are endemic or which are demanded by the country 
before admission is granted. Rabies immunization obviously must be 
included since the bite of a rabid animal makes specific immunization 
imperative. Typhoid immunization, routinely given to military personnel 
but not their dependents unless traveling to or residing in areas outside 
the 50 United States, ideally should be an integral part of all civil 
defense programs. As the vaccine’s antigenicity is improved and its 
reaction rate reduced (probably by eliminating paratyphoid A and B), 
it will resume its former status as a routine immunization procedure. 

The immunizations required by various countries tend to follow 
continental divisions. Rather than employ tables*® which lst each 
country’s requirements we have included a World Immunization Map 
utilized by the Armed Services (Fig. 1).* The map was prepared essen- 
tially for the traveler who leaves the United States. The routine (R 
areas) immunizations noted in the legend of the map for military per- 
sonnel are not mandatory for civilians. However, the basic requirements 
for travel to all countries outside the 50 United States and Canada are 
smallpox, tetanus-diphtheria, typhoid and oral polio. Several countries 
(e.g., India—yellow fever) demand immunization against diseases which 
are not present in their country in attempts to prevent such disease 
from gaining a foothold. The Scandinavian countries do not require 
typhus, even though they are located in a T area, but since many 
Eastern European countries do and the traveler destined for Sweden 
may pass through one of these, it would be appropriate to obtain typhus 
inoculations. Typhus is also recommended for Mexico and the Andean 
region of South America. Thus the immunization map should serve as 
a rough guide only. ; 


The Public Health Service of the U.S. Department of Health, Education and 
Welfare publishes a booklet of Immunization Information for International 
Travel. Each year the booklet is revised inasmuch as various countries change 
their requirements from time to time. Thus the prospective traveler is advised 
to obtain the latest information from the nearest Public Health Service office. 
As noted on the world map, the Armed Services have now included influenza, 
typhus and yellow fever as part of the “routine” inoculations for military 
personnel. Military dependents presently do not receive typhoid, cholera, typhus, 
yellow fever or influenza vaccines unless required for the geographical area 
visited or as indicated by their own health needs (e.g., influenza [Table Sis 
Influenza immunization will undoubtedly become a routine procedure when the 
adjuvant preparation becomes available. All of the immunization procedures 
except for yellow fever can be performed by one’s private physician. The latter 


* Courtesy Armed Forces Institute of Pathology and A.F.E.B. 
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Fig. 1. World Immunization Map used by U.S. Armed Forces. (See text for discussion. ) 


can be obtained at one of many centers designated to perform this inoculation. 

Prior to departure the traveler should obtain an International Certificate of 
Vaccination, PHS-731, and have all immunization procedures accomplished 
entered thereon by his physician. Additional space in the new edition permits 
entries regarding the travelers personal health history. This certificate, approved 
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by the World Health Organization, is obtainable from the Superintendent of 
Documents, Government Printing Office, Washington, 25, D.C., or from any of 
the Public Health Service offices for tourists. The charge is 10 cents. 


Typhoid and Paratyphoid Fever 


In the past decade the incidence of typhoid fever in the United States 
has decreased more than 50 per cent with only 816 cases in 1960 and 
814 in 1961. A high incidence continues in Europe in contrast to Great 
Britain. Most public health authorities credit this decrease to improved 
sanitation rather than to the effectiveness of typhoid vaccine. The most 
recent controlled field trial? in Yugoslavia indicated 65 per cent pro- 
tection with the heat-killed phenol-preserved vaccine. In addition the 
alcohol killed vaccine appeared to be ineffective, and Vi antigen did not 
appear to be of major value as an immunizing agent. 

In a recent report*? 62 cases of typhoid fever occurred among 408 
persons in Germany, all previously immunized except 1 child who 
reacted no more severely to the disease. Only 2 of 52 members of the 
Armed Forces contracted the disease. One might attribute this lower 
incidence to more frequent and recent reimmunization of the service 
man, but marked differences in the dose of bacilli ingested and previous 
natural immunity of the group must be considered.*! There is little 
evidence regarding the efficacy of paratyphoid vaccine; moreover much 
of the unpleasant reaction to T.A.B. vaccine is due to the paratyphoid 
B component.*® 

In spite of doubts about the value of typhoid vaccine expressed in 
our previous review,** the vaccine obviously has been moderately effec- 
tive against typhoid fever during the past half century. In an excellent 
survey of this problem a warning was given by Means*® emphasizing 
the fact that proper application of public health measures could eradicate 


Table 9. Immunization Against Typhoid and Paratyphoid Fevers 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURATION 
AGENT FOR ADMINISTRATION OF IMMUNITY 


Typhoid paratyphoid vac- All persons living in or Standard course, 2 Indefinite but at least 


cine U.S.P. Triple vaccine traveling to areas of inoculations sub- 1 year. 

containing 1000 million S. questionable sanitary cutaneously of 0.5 Anamnestic response 

typhi and 250 million each standards or where the ml. each at not less to booster dose 

of S. schottmullert and S. disease is endemic. than 4 week inter- probably - satisfac- 

paratyphi organisms per Emergency _ situations, vals. tory even if several 

ml, Vial 50 ml. e.g., fioods. Military For children refer to years have elapsed 
Heat-killed in 0.5% phenol. personnel, physicians, Pediatric Schedule, since basic series. 


Stored at 35.6° to 50° F. nurses, food handlers Table 8. 
(2°. to 10° C.). Potency and contacts of typhoid 
period 18 months. patients or carriers. 


qe @qxXeqq LL 


REQUIRED REPEAT INOCULATIONS COMMENTS 


—_—— eee 
All persons living in areas described above should Local and systemic reactions are common, but not 
receive annual booster of 0.1 ml. endermally serious. Reactions are less frequently encountered 
(ED) or 0.5 ml. SC. when the inoculations are given ED (not recom- 
Others should be given booster 0.1 ml. ED quad- mended for basic series). 


rennially. If reactions are severe, subsequent doses should be 


Vaccine contraindicated: reduced and antipyretics administered. 
1. Acute febrile illness. 


2. Active tuberculosis. 


—_— ee eeeeeSsSs—S—sSs 
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the disease. The vaccine is certainly advocated in areas where the 
disease is endemic, and for those who travel through these areas or 
where sanitation facilities are poor such as rural camps, resorts, and at 
times of disaster, as floods. Military personnel, physicians, nurses, food 
and dairy workers and those living under field conditions should be 
immunized. Proper sanitary measures related to food, water and waste 
disposal as well as the identification of cases and carriers still constitute 
the major means of preventing typhoid fever. 

Contraindications to the vaccine are few. It should not be given to 
persons with active tuberculosis, an acute febrile disease or those receiv- 
ing steroids. When practicable the vaccine should not be given with 
another fever-producing vaccine such as typhus or cholera nor just prior 
to intensive physical activity during hot weather. About 75 per cent of 
individuals have some local reaction? while 25 to 50 per cent have 
systemic (grippe) reactions lasting 24 to 36 hours. These are readily 
alleviated by acetylsalicylic acid, 65 mg. per year of age up to 324 mg. 
total, given every 4 hours. Since the second or third (booster) injection 
may result in a more severe reaction, antipyretics should be started 3 
to 4 hours after the injection. If a severe reaction does occur, the subse- 
quent dose should be halved. The resultant immunity will be enhanced, 
not decreased, by dividing the total (basic) dose into more than 2 or 3 
injections. Administration of the recall or booster dose using 0.1 ml. 
endermally rather than 0.5 ml. subcutaneously will produce a good 
antibody response and greatly lessen the severity of the reaction. The 
basic series?’ #7 consists of two 0.5 ml. doses subcutaneously followed by 
two reimmunizing doses at 4 year intervals for persons remaining in the 
50 United States and Canada. 


Typhus Fever 


Typhus vaccine is recommended only to those whose travels take 
them into zones where epidemic or classic Old World typhus exists. The 
vaccine is a killed suspension of Rickettsia prowazekr cultured by the 
Cox embryonic chick yolk sac method. Since this is a highly effective 
immunizing procedure,?: !°* the dose has been reduced to 2 injections of 
0.5 ml. each at 4 week intervals. The immunity lasts about 12 months, 
with a peak period of immunity reached 3 months after inoculation. 
Gould and Goodner®? and Murray et al.!°° have demonstrated that 
single booster injections elicit satisfactory antibody response even if 
given as late as 6 years after the basic series. Booster doses are given 
where typhus hazard exists annually and also in the presence of an 
epidemic. 

Fox and others® have published an account of their work with an 
avirulent strain of Rickettsia prowazeki (Strain E) for use as a living 
agent to immunize man against epidemic typhus. It has been shown 
to have some protection against murine typhus in laboratory workers." 
It is claimed that in comparison to a primary course of the Cox vaccine 
it produces a superior immunity as measured by uniformity of response 
and by both effectiveness and duration (3 years). It 1s accompanied, 
however, by frequent systemic reactions. 
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Table 10. Immunization Against Epidemic Typhus Fever 
2 ee 


EXPECTED DURA- 
TION OF IMMUNITY 


METHOD OF 
ADMINISTRATION 


RECOMMENDED 
FOR 


IMMUNIZING 
AGENT 


ee 
Typhus vaccine U.S.P. epidemic— All individuals resid- Two subcutaneous in- Immunity is good 
a suspension of killed Ri: kettsia ing in or traveling jections of 0.5 ml. for 1 year, and 
prowazeki cultured by the Cox to areas where each at intervals of probably persists 
yolk sac method. Vial 20 ml. epidemic typhus not Jess than 4 wks. several years. 
Potency period 18 months stored exists. For children see Table 
at 35.6° to 50° F. (2° to 10° C.). See World Map (Fig. 8. 
‘Ys 
SS SS Ee ee ees 


REQUIRED REPEAT INOCULATIONS 


COMMENTS 


Booster dose: 0.5 ml. subcutaneously shall be given 
once each year where typhus hazard exists, with 
additional doses whenever any unusual threat of 
outbreak appears. 

Satisfactory recall can be obtained 5 years after 


Severe reactions are uncommon. This vaccine does 
not protect against murine, endemic typhus 
transmitted by the rat flea, nor against “‘scrub 
typhus”’ transmitted by mites. 

Allergy to egg and chicken protein constitutes only 
contraindication. 


basic series. 


Very few severe reactions have been reported. Allergy to egg or 
chicken protein constitutes the only but very strong contraindication. 
Wright!® in 1959 reported a near fatal case of anaphylaxis due to the 
injection of typhus vaccine and found 12 similar cases in the literature, 
2 of which terminated fatally. Table 10 outlines immunizing procedures. 


Cholera 


While cholera has not occurred in the Americas since 1911 it still 
remains a serious problem in Asia. During 1961, almost 50,000 cases 
with 17,541 deaths were reported worldwide, the majority occurring in 
India and East Pakistan. Vibrio comma which causes Asiatic cholera 
has been shown to possess 3 antigenic factors. One of these is an 
endotoxic lipoid which injures intestinal epithelium, so that it permits 
free escape of fluids and electrolytes. Another endotoxin causes flaking 
of the epithelium by a mucinase action, which alters the permeability 
of the bowel wall permitting absorption of toxic substances as well as 
leading to flake formation which gives the diagnostic rice-water appear- 
ance to the stools. It has been suggested*® that the addition of cholera 
mucinase to the fluid vaccine would enhance the protective value of this 
immunizing agent against cholera infection. However, it is not being 
used at the present time. Immunity supposedly stimulated by the 
current vaccine renders intestinal epithelium resistive to effects of 
endotoxins. 

No clear-cut satisfactory field trial has ever been made of cholera 
vaccine," but the marked difference in the incidence of the disease 
between unvaccinated groups as compared to vaccinated in large studies 
suggest it has its place in the protection against the disease. Reliance 
must not be placed exclusively on it since improvement in sanitation is 
the more important factor. It is recommended for all individuals travel- 
ing to or through areas where the disease is endemic or whenever an 
epidemic occurs. Table 11 outlines immunizing procedures. 
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Table 11. Immunization Against Cholera 
ee ee ee ee 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 

a a a te 

Cholera vaccine U.S.P. A  Allindividuals traveling Two SC or IM injections Immunity is prob- 


suspension of 8000 mil- to or through areas 4 weeks apart. First 0.5 ably relative and 

lion killed Vibrio comma where there is danger ml., the second 1 ml. lasts for only 6 to 

per ml. Vial 20 ml. of endemic or epi- For children see Table 8. 12 months. 
Potency period, 18 months demic cholera. See 

stored 35.6° to 50° F. (2° World Map (Fig. 1). 

to 10° C.). 


——_—_—_—_—_—_—— rere” COCO nn nn 


REQUIRED REPEAT INOCULATIONS COMMENTS 


Routine booster: 0.5 ml. to be given subcutaneously No severe reactions have been reported. 
every 6 months as long as there is danger of in- International Quarantine Commission accepts 
fection by cholera. cholera immunization as effective 6 days after 
Recall dose is effective if given within 4 years of the first injecticn. 
basic series or last stimulating dose. 


Rabies 


There are few circumstances which pose more difficult decisions than 
those presented by individuals who have been bitten by animals that 
may or may not be rabid. Although dogs are the most frequent animals 
involved, rabies may occur in other carnivores such as foxes, wolves, 
coyotes and jackals who may transmit the disease to cattle and sheep. 
Bats may harbor the virus for months in contradistinction to other 
animals who die of the disease within 10 to 40 days. The significance of 
this is emphasized in a recent report”! suggesting inhalation as another 
route for the transmission of rabies. 

Hydrophobia, although a rare disease, is one from which there has 
been no authenticated recovery in an untreated person. This statement 
may have to be modified in the light of the report by Rizzolo and 
Osborne.”2? They cited Dr. Relova’s report in Santo Tomas which 
described several purported cases of recovery from rabies in man. There 
is also a possibility that subclinical infections may occur since Ruegsegger 
et al.!27 disclosed that 6 per cent of a study group (with no previous 
history of rabies vaccination or an antecedent contact with rabies virus) 
had neutralizing antibodies to rabies. 

The saliva of the rabid animal contains the virus, and the duration 
of the incubation stage varies more with the amount of infecting saliva 
introduced than with the anatomical site. Thus, multiple bites on the 
body or extremities may have a shorter incubation period (10 days) than 
single bites on the head or face, but inasmuch as the virus travels along 
nerve pathways to reach the central nervous system, face, head and 
neck bites are usually considered graver emergencies than torso and 
extremity injury. 

Despite repeated exhortations, people will prematurely kill and dis- 
pose of the biting animal, and the clinician must use the finest judgment 
in deciding whether or not to subject the patient to the unpleasant 
series of vaccine injections. Consultation with the local health officer is 
always advisable in such instances.”° 
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When a patient is bitten by a dog the physician should have measures 
taken to isolate the dog and keep him under observation for 10 days. 
Should the dog die before then or show symptoms of rabies by that time 
he should be killed and the brain tissue examined for Negri bodies using 
the fluorescent antibody technique® in addition to the standard micro- 
scopic methods. The absence of Negri bodies in the brain does not 
preclude the advisability of antirabies immunization. 

While the past few years have seen no major breakthrough in the 
prevention of the development of rabies in man following exposure, there 
has been appreciable progress in several aspects of this vital problem. 
Active immunization of high-risk groups such as mail carriers, veteri- 
narians or speleologists has been outlined by Tierkel.*° Three endermal 
inoculations of 0.2 ml. duck embryo vaccine are given at weekly intervals 
followed by a booster of 0.2 ml. endermally 2 to 6 months later. Since 
all vaccinated individuals do not respond readily with detectable anti- 
bodies, booster doses should be repeated until antibody is detected. 
Subsequent boosters are given routinely at 2 year intervals or at the 
time of a bite.®? In a limited trial Ruegsegger and Sharpless,”* using 
HEP Flury (live) rabies vaccine with aluminum hydroxide adjuvant, 
found a prolonged antigenic stimulus and immunized 95 per cent of the 
subjects. The possibilities of using this vaccine for postexposure protec- 
tion should be studied. During the past 8 years the Flury vaccine has 
produced a high grade of immunity in dogs. 

The postexposure prophylaxis of rabies, however, still leaves much to 
be desired. Successful immunization is based upon the classic work of 
Pasteur in which, by daily injections of killed fixed virus, sufficient 
active immunity is produced during the prolonged incubation state of 
the disease (15 to 200 days) to prevent actual clinical expression. The 
following summary together with the accompanying Table 12 covers the 
important features involved in handling human exposure to rabies. 
Careful consideration of the circumstances will assist in deciding whether 
or not to immunize a patient. 

LocaL TREATMENT. Kaplan et al.7? advise that the wound be 
swabbed and flushed vigorously with soap or detergent after infiltrating 
the tissue proximal to the wound with procaine to minimize the pain. 
The wound itself should be infiltrated with hyperimmune serum where 
indicated. Cauterization is not recommended by most authorities. 

Spuciric PosteXPOsURE PROPHYLAXIS OF Rapres. When indicated, 
hyperimmune antirabies serum (0.5 ml. or 40 I.U. per kg./body weight) 
should be administered within 24 hours if possible and preferably within 
the first 72 hours following exposure after proper precautions have been 
taken to rule out sensitivity to horse serum. Some authorities!2° feel 
that it should still be administered even if 72 hours have passed. The 
fourth report of the WHO Expert Committee on Rabies®® recommended 
the addition of two extra doses of vaccine at long intervals (10 and 20 
days) after the standard course of either duck embryo or rabbit vaccine 
in persons who have also received antirabies hyperimmune serum. The 
serum slows the development of antibodies in response to the antirabies 
vaccine, therefore booster doses are necessary. Even though the serum 
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Table 12. Indications for Rabies Vaccine Prophylaxis and Specific 
Postexposure Treatment? 
a a ee ee 


NATURE OF 
EXPOSURE 


BITING ANIMAL* 


At Time of 
Exposure 


During Observation 
Period to Ten Days 


RECOMMENDED 
TREATMENT 


SS SS ee eee eee eee 


I. No lesions: 


Indirect contact or 
direct contact over 7 
days 

II. Licks: 


(1) Unabraded skin 

(2) Abraded skin, 
scratches and un- 
abraded or abraded 
mucosa 


III. Bites: 
(1) Mild exposure 


(2) Severe exposure 
(multiple, or face, 
head, finger or neck 
bites) 


Rabid or healthy 


Rabid or healthy 


(a) Healthy 


(b) Signs suggestive 
of rabies 


(c) Rabid, escaped, 
killed or unknown 


(a) Healthy 


(b) Signs suggestive 
of rabies 


(c) Rabid, escaped, 
killed or unknown 

(d) Wild (wolf, jackal, 
fox, bat, etc.) 


(a) Healthy 


(b) Signs suggestive 
of rabies 


(c) Rabid, escaped, 
killed or unknown; 
any wild animal 
(wolf, jackal, fox, 
bat) 


Rabid or healthy 


Rabid or healthy 


Clinical signs of rabies 
or proved rabid 
(laboratory) 


Healthy 


Clinical signs of rabies 
or proved rabid 
(aboratory) 

Healthy 


Clinical signs of rabies 
or proyed rabid 
(laboratory) 


Healthy 


None 


None 


Start vaccine at first signs 
of rabies in the biting 
animal. 


Start vaccine immediately; 
stop treatment if animal 
is nermal on fifth day 
after exposure. 

Start vaccine immediately. 


Start vaccine at first signs 
of rabies in the biting 
animal. 

Start vaccine immediately; 
stop treatment if animal 
is normal on fifth day 
after exposure. 

Start vaccine immediately. 


Serumt immediately, fol- 
lowed by a course of vac- 
cine unless circumstances 
change. 

Serum immediately; start 
vaccine at first sign of 


rabies in the _ biting 
animal. 
Serum immediately, fol- 


lowed by vaccine; vaccine 
may be stopped if animal 
is normal on fifth day 
after exposure. 

Serum immediately, fol- 
lowed by vaccine. Give 
full course (14 days) un- 
less circumstances dictate 
otherwise. 


* This schedule applies equally whether or not the biting animal has been previously vaccinated. 
+ Under certain special conditions treatment may be modified For example. in rabies-free areas, as 
eastern Massachusetts, no specific therapy may be needed; however, the biting animal should be 


observed for 2 weeks. 


t Dose of antiserum: 1000 units per 18 kg. (40 pounds) body weight. If more than 24 hours elapses 
or the wound is about the head and neck, the dose should be increased 2 or 3 fold. 


is purified and concentrated it may produce adverse reactions in about 
20 per cent of the recipients. In known allergic individuals concurrent 
administration of antihistamines may reduce the incidence and severity 
of reactions. 

The duck embryo vaccine has now replaced the rabbit vaccine in the 
hands of most workers.“! Protective antibodies occur between the elev- 
enth and fifteenth days, and within one month of the first injection 95 per 
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cent of individuals will have measurable antibodies.’ The full course 
consists of 14 subcutaneous injections, the same as the rabbit vaccine, 
of 1 ml. each into alternate sides of the abdominal wall. Local reactions 
(20 per cent) are mild consisting of redness and induration usually at 
the site of previous injections. These occur about the sixth to the tenth 
day. Regional lymphadenopathy may occur. Caution should be used in 
administering the vaccine to persons with allergy, particularly to eggs. 
Systemic reactions are less common (4 per cent) consisting of fever, 
malaise or drowsiness. The occurrence of central nervous system symp- 
toms would preclude further injections. One case of transverse myelitis 
with complete recovery has been reported.! Neuroparalytic complica- 
tions (1 in 3000) are one of the chief disadvantages of the rabbit nervous 
tissue vaccine. Gibbs et al.®* demonstrated electroencephalographic ab- 
normalities in an appreciable number of those who were given the rabbit 
vaccine, but not in the series of persons immunized with duck embryo 
vaccine. 

In areas where rabies is prevalent among the animal population and 
human exposure is frequent, the vaccine has proved to be very effective 
in rabies prophylaxis.2° Of more than 40,000 trials with this vaccine 
there are only 5 reported failures,*® which is a great improvement over 
Semple vaccine (3 per cent failures). Dean and Sherman* have ques- 
tioned the potency of lots of duck embryo vaccine; however, the potency 
has recently been increased. If re-exposure occurs in persons who have 
previously received the first course of vaccine, no treatment is required 
if the interval is less than 3 months, but if between 3 and 6 months one 
reinforcing dose is given, and if over 6 months a full course of treatment 
is probably necessary. 

Tetanus immunization with tetanus toxoid (or antitoxin) should be 
given in all cases of animal bites. Steroids!® probably should not be used 
in the treatment of side reactions to antirabies prophylaxis since they 
may interfere with antibody production. 


Plague 


Pasteurella pestis, the cause of plague, and the disease itself have 
been of considerable interest to immunologists." The organism is sur- 
rounded by a gelatinous envelope which contains an antigen that is 
necessary to produce efficient immunization for some species while a 
somatic antigen is required for others. Since the disease occurs in two 
forms (bubonic and pneumonic), studies continue to obtain a vaccine 
that will be as effective against the more severe respiratory form as it 
is against the bubonic.“ Inactivated and live vaccines are in use. Al- 
though each has its adherents, the live vaccine is unstable when held in 
suspension longer than 2 weeks. Pollitzer™ reviewed all aspects of 
plague including the merits of the two types of vaccine. 

The prevalence of plague throughout the world at present is at a very 
low ebb. This is probably due to the natural periodicity!” of the infection 
rather than any public health measures, and is therefore no cause for 
relaxation of vigilance. No scientifically controlled data‘! on the efficacy 
of either type of the vaccine are available. However, observation on the 
use of both in large population groups substantiates the fact that they 
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Table 13. Immunization Against Plague 
ee 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 


a ee ie 
Plague vaccine U.S.P. All individuals residing Two subcutaneous injections Partial protection for 


A suspension of 2000 in areas where serious given not less than 4 weeks 4 to 6 months with 

million killed Pas- danger from plague apart, the first consisting present vaccine. 

teurella pestis per exists and in the pres- of 0.5 ml. and the second Alumina-absorbed 

ml. Vial 20 ml. ence of an epidemic injection of 1 ml. vaccine under 
Potency period 18 only. For children, see Table 8. study. 


months stored at 
30.6° to 50° F. (2° 
to 10° C.). 


REQUIRED REPEAT INOCULATIONS COMMENTS 


Booster: 0.5 ml. shall be administered every 4 to 6 Local and systemic reactions are common but not 
months so long as plague hazard exists. serious with the killed vaccine. 


are efficient in protection against the disease and the reduction of 
mortality. Public health measures toward the elimination of the natural 
reservoirs and vectors of plague will still continue to be the major 
factor in the control of the disease. In areas where sylvatic plague is 
endemic the vaccine will be an important method of reducing the 
danger of infection in exposed individuals. The advantages of periodic 
vaccination against plague in endemic areas was well demonstrated in 
the Malagassy Republic prior to the Second World War. 

The Armed Forces?) * use a formalin-killed suspension of P. pestis 
which appears to give only partial protection.? °° Table 13 outlines 
immunization procedures. 


Tuberculosis 


The continued efficacy of B.C.G. vaccine has been shown in large 
scale trials during the past 20 years.*! Space prohibits a review of these 
studies, or of chemotherapy or chemoprophylaxis of tuberculosis which 
are discussed in detail by Raffel,"7 Mount and Ferebee!™ and others.**: 
The following well established aspects of B.C.G. vaccination are 
summarized: 

1. B.C.G. (bacillus of Calmette and Guerin) vaccine is composed of 
avirulent human tubercle bacilli. It is quite safe since 200 million 
persons have been inoculated with only 1 case of progressive tuberculosis 
which occurred in a child in 1953.% 

2. Following inoculation about 99 per cent of vaccinees become 
tuberculin positive, and 82 per cent were still positive, after 8 years, to 
a single vaccination.’*: 14 

3. It appears that the vaccine affords 75 to 80 per cent protection 
against clinical tuberculosis in tuberculin-negative individuals subject 
to a significant risk of infection. This resistance appears to be main- 
tained for periods of 6 to 10 years. 

__ 4, The present vaccine, licensed in 1950, is freeze-dried, potent and 
well standardized. 

5. It is simply administered by the multiple-puncture method of 
Rosenthal. If the tuberculin test is negative in 8 weeks, revaccination 
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is performed. Local reactions with the transcutaneous route are negli- 
gible, but following intracutaneous inoculation, 0.1 mg. of vaccine in 
0.1 ml., local ulcers form in a high percentage of cases with abscesses 
and suppurating lymph nodes in a small percentage. 

6. Contraindications to vaccination are a positive reaction to tuber- 
culin, acute infectious disease, diseases of the skin, prematurity and 
marked debilitation. 

7. Other immunizations except smallpox may be given at the same 
time provided different sites are employed. 


The present methods of control of tuberculosis should continue to be applied 
to all segments of the population. Traditionally these include mass chest x-ray 
and tuberculin test case-findings, isolation of known cases, and treatment in 
addition to chemoprophylaxis with isoniazid. The incidence of tuberculosis in 
this country has decreased almost 50 per cent-since 1950 while the death rate 
has fallen precipitously from 200 per 100,000 population in 1900 to 20 in 1950 
and barely 6 in 1960. Tuberculosis has been practically eradicated as a cause of 
death among white persons age 1 to 24 years. The most important factors 
contributing to this are improved standards of living, high levels of health 
education and specific antibiotic therapy of tuberculosis. Thus in areas of low 
degree tuberculin sensitivity, B.C.G. vaccination will not be a primary part of 
the program. However, in some areas or countries of high prevalence and high 
degree tuberculin sensitivity, B.C.G. vaccination may be indicated during the 
first month of life with revaccination at school entry and during adolescence 
depending on the persistence of a positive tuberculin test. 


It is now evident that certain select groups of nonreactors to P.P.D. 
or tuberculin may well benefit by B.C.G. inoculation. These persons or 
groups were recently delineated by the Tuberculosis Control Advisory 
Committee."® Under circumstances in which exposure to tuberculosis 
infection cannot be avoided, risk of disease is high, and periodic exami- 
nation and supervision of those exposed is a practical impossibility, the 
committee recommends the use of B.C.G. Where a patient with com- 
municable tuberculosis cannot be isolated, as at home, and his contacts 
are not examined regularly, B.C.G. should be given. Another example 
for consideration is the tuberculin-negative contact of a tuberculosis 
patient in a group of migrant workers or in a highly mobile population 
group. Other groups to consider are certain selected medical or para- 
medical personnel who may be unduly exposed to tuberculous patients, 
or certain population groups or isolated communities (American Indians) 
where tuberculosis mortality and morbidity rates are high. If a hospital 
or institution has established an adequate tuberculosis control program, 
very little exposure to tuberculosis should occur. The committee empha- 
sized that B.C.G. vaccination should not be considered as a substitute 
for other control measures. The newborn infant whose parents have 
tuberculosis should be inoculated when it is economically or otherwise 
impossible to separate them. Vaccination should be performed soon 
after birth.!: “7 An isoniazid-resistant B.C.G. vaccine has been developed 
and results of initial studies® in newborn infants appear promising. The 
infant is immunized with the vaccine and protected temporarily from 
his contact by concurrent isoniazid administration. 


The Status of Immunization in 1963 1425 


Certainly in this country most of the population does not require 
immunization; in fact, widespread B.C.G. vaccination is contraindicated 
because it eliminates the usefulness of the tuberculin test as an epidemio- 
logic and diagnostic tool. In addition, institution of specific antituber- 
culous chemotherapy may be inordinately delayed. 


Yellow Fever 


This immunization procedure is one of the most effective of all.24 4 
With it and the great advances made in the knowledge of the epidemiol- 
ogy of the disease since the turn of the century when the Aedes aegypti 
mosquito was established as the vector, one might expect the disease to 
be well in hand. Unfortunately, such is not the case and Yellow Jack 
or “Calenture’’’’ still remains an important public health problem. 


Spence and others have pointed out the difficulties in ascertaining whether 
yellow fever is actually present at any given time in an area where “conditions 
possible for the natural (monkey-haemagogus) cycle are known to exist.’’ Since 
their experience in Trinidad has shown that the virus can remain present and 
active in an area for at least 6 years and that the number of monkeys in this 
region are not plentiful enough to keep it going on a year in year out basis 
involving the monkey cycle, these authors believe that other factors must play 
a part. This raises the question of how complete our present day knowledge of 
the disease is. 

India, Pakistan and Ceylon have large areas where the basic factors for the 
successful establishment of yellow fever exist. These factors are sustained 
environmental high temperatures and the Aedes aegypti mosquito in abundance, 
but so far yellow fever virus has never gained admittance. These countries main- 
tain a strict quarantine and constant vigil so that no one who has been in an 
endemic area may be admitted unless he has been immunized at least 12 days 
prior to arrival. If this virus ever gained a foothold in those countries, havoc 
would result because therapy of yellow fever in contrast to the efficacy of 
immunization is essentially futile. 

Modern transportation has shortened the time required for journeys from 
southern Mexico and Central America to the United States. Jungle fever, the 
sylvatic variety of yellow fever, is endemic in Brazil and therefore, reintroduction 
of yellow fever to this country is possible. Although the last outbreak of yellow 
fever in the U.S. occurred almost 60 years ago it is an ever present danger in 
the yellow fever receptive areas (World Map, Fig. 1). It is not improbable that 
a case of yellow fever occurring in this country might present itself to the 
physician as typhoid, malaria, influenza or dengue unless he had a high index 
of suspicion. The severe form of the disease might be misdiagnosed as acute 
yellow atrophy, infectious hepatitis or leptospirosis. Persons 6 months of age or 
over must present a valid yellow fever vaccination certificate when arriving in 
or destined for yellow fever receptive areas of the United States or its possessions 
within 6 days of departure from infected areas.¥ “{ 


Immunization against. yellow fever (Table 14) is accomplished by a 
single inoculation of 0.5 ml. of a freshly prepared 1:10 suspension of 
lyophilized egg yolk vaccine (17D strain). Any solution over | hour old 
is discarded. Allergy to egg or chicken protein constitutes the main 
contraindication. Postvaccination reactions are seldom severe. Slight 
redness may appear at the site of injection, and 5 to 8 days after inocu- 
lation 5 to 10 per cent of persons may develop malaise, headache, back- 
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Table 14. Immunization Against Yellow Fever 
EE ee 


IMMUNIZING RECOMMENDED METHOD OF EXPECTED DURA- 
AGENT FOR ADMINISTRATION TION OF IMMUNITY 


Yellow fever 17D vaccine, All persons traveling Subcutaneous injection of Six years, or prob- 


U.S.P. A special strain in or through areas 0.5 ml. of an approxi- ably longer. 
of living virus attenuated where yellow fever mately 1:10 dilution of 

through prolonged culti- is endemic should the concentrated vaccine 

vation in tissue cultures. be given vaccine at (freshly prepared). 

Ampules 1 ml. with 10 least 10 days prior Same dose for children 

ml. of diluent, 20 doses. to arrival. (Table 8). 


Potency period 12 months. See World Immuniza- For persons allergic to eggs; 
Store below 32° F. (0° C.). tion Map (Fig. 1) see text. If a person can 
for endemic coun- eat eggs, the vaccine 

tries. may be given. 


EE 


REQUIRED REPEAT INOCULATIONS COMMENTS 


Routine booster of 0.5 ml. of the diluted vaccine 6 All diluted vaccine which remains unused after 1 


years after the initial vaccination if in endemic hour must be discarded. Yellow fever vaccine 
areas. should not be given concurrently with cowpox 

In the presence of an epidemic, an emergency virus, or to persons ill from virus diseases, e.g., 
booster dose of 0.5 ml. influenza. 


India, Pakistan and Ceylon require vaccine to be 
given 12 days before arrival. 


ache and fever lasting several days.** Those who are sensitive to egg or 
chicken protein and are inadvertently given the vaccine can have severe 
and possibly fatal reactions. In the last 22 years*t outbreaks of encepha- 
litis have occurred following the use of the yellow fever vaccine. This 
complication is rare, generally manifests itself in children under one 
year of age*: *! and is mild since no deaths have occurred in the reported 
cases. In 1960 the first case (a 10 week old infant) believed to occur in 
the United States appeared in the literature. 

Generally speaking, one prefers not to inoculate two live viruses at 
one time, therefore a 3 week interval between vaccinia and yellow fever 
inoculations is advised. It has been recommended! that if yellow fever 
inoculation is given first, smallpox vaccination can be given 4 days later. 
However, if smallpox is given first then the 21 day interval is mandatory. 
In infants under 9 months of age a 3 week interval is maintained regard- 
less which vaccination is given first. If there is evidence of previous 
successful vaccination against smallpox, yellow fever immunization and 
revaccination against smallpox may be given concurrently. 

In Africa under circumstances of mass immunization, combined small- 
pox and yellow fever inoculations have been given*: “ successfully and 
safely, administering the Dakar strain by scarification rather than 
subcutaneously." In egg-sensitive individuals scarification affords some 
protection with the 17D vaccine.** Better protection may occur if anti- 
histamines are given during a course (0.5 ml. total) of endermal (ED) 
injections of vaccine as follows: 0.1 ml. ED and if no allergic reaction 
in 2 to 7 days then give 0.2 ml. ED X 2 at weekly intervals. 


GROUP III. DISEASES IN WHICH VACCINATION IS ADVISABLE IN 
CERTAIN AREAS OR OCCUPATIONAL GROUPS 


Since our last review,** vaccines for three diseases, influenza, measles 
and poliomyelitis, have been developed or so improved that they have been 


oy 
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placed in the first group. There are three diseases, i.e., the zoonoses, in this 
group for which immunizing procedures are either of regional or occu- 
pational interest only, or else have not been developed or established to 
a point of general use and acceptance. Since other control measures and 
in most cases antibiotics are effective, use of these vaccines will always 
be limited. Vaccines for the two viral diseases, adenovirus and mumps,” 
are presently under study, therefore, only brief comments will follow. 


Adenoviruses 


Recent controlled studies by Meiklejohn and Miller have demon- 
strated the effectiveness (90 per cent) of adenovirus type 7 vaccine 
against respiratory infections in military units,®? and of type 4 vaccine 
against pneumonia in naval recruits.°* Combined adjuvant influenza 
and adenovirus (types 4, 7) vaccine was used by Meiklejohn. Significant 
increases in type 7 antibody titers were noted in 50 per cent of the 
subjects and no undesirable reactions to the combined vaccine were 
noted. Although an effective vaccine is available against types 3, 4 and 
7, its use in children at present offers very little since these types are of 
minor importance during childhood. 

Mogabgab!° discussed the problems of upper respiratory illness vac- 
cines and reported upon the effectiveness of a multivalent vaccine in an 
industrial group. It appears that these vaccines will be used more 
extensively in selected adult groups because of their potential value. 
The Armed Forces are presently administering a single dose, 1 ml., of 
adenovirus trivalent vaccine, to each new recruit upon entry into the 
service.” 


Mumps 

Since mumps vaccine was licensed in 1950 its usefulness has been 
hard to establish. Epidemics are not occurring as in past years in military 
or college groups, so it is difficult to evaluate the efficacy of the vaccine 
in man. Mumps is a benign disease, especially in children. But compli- 
cations such as orchitis (20 per cent), oophoritis (5 per cent) or meningo- 
encephalitis occur in young adults. One disturbing fact is the occurrence 
in this country of 37 to 55 deaths annually during the past 10 years’” 
(mumps is a non-notifiable disease). Although several well controlled 
trials‘! have shown that the killed vaccine is moderately effective, studies 
continue in order to define its characteristics.** Epidemiological effec- 
tiveness of a live vaccine was demonstrated by 90 per cent protection 
of 35,000 preschool children for at least 3 years in the U.S.S.R.™° 

Indications for the killed vaccine are few. It is not recommended for 
healthy children but may be for the nonimmune adolescent or adults in 
certain circumstances (hospital or military personnel, institutionalized 
patients or college students.) A skin test (approximately 75 per cent 
reliable) should be performed before vaccination to exclude those already 
immune. One-tenth ml. of mumps antigen is injected endermally. An 
area of erythema, 1.5 em. or more, in 24 to 36 hours indicates immunity. 
A pseudopositive reaction may occur in the presence of hypersensitivity 
to egg protein. This test can be of value in the differential diagnosis of 
orchitis, parotitis and meningoencephalitis. 
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The vaccine is contraindicated in egg-sensitive persons, in the presence 
of tuberculosis or active or debilitating disease. Reactions are mild and 
do not last more than 24 hours. Neutralizing antibodies form in most 
patients by the second to third week but decline rapidly in 6 months 
time. A course” consists of 2 doses of 1 ml. each given subcutaneously 
at 1 to 4 week intervals followed in 6 to 12 months by a booster of 1 ml. 
Annual boosters (0.5 to 1.0 ml.) are necessary to maintain immunity. 
Pooled gamma globulin (GG) is of no value for passive immunization, 
but hyperimmune GG, 20 ml. intramuscularly, is temporarily effective.’ 


Q Fever 


In a recent symposium" on biological warfare, Q fever was discussed 
as an effective debilitating agent. Since mortality from Q fever is quite 
low (less than 1 per cent) without treatment but morbidity is prolonged, 
large military units could be easily inactivated by aerosols just prior to 
an invasion. The soldier would be a prisoner by the time the diagnosis 
was made and recovery occurred. This situation could be avoided since 
a highly effective formalin-killed vaccine (R. burnetii) has been devel- 
oped.!!; 4! Local reactions are not unusual with occasional sterile ab- 
scesses. Systemic reactions are not infrequent, occasionally requiring 
hospitalization. At present, use of the vaccine is limited to laboratory 
workers and those in hazardous occupations. Control of Q fever in man 
depends upon control of the disease in animals, especially those raised 
for meat and milk. 


Rocky Mountain Spotted Fever 


Immunization for this rickettsial disease is seldom indicated because 
of the rickettsiostatic effect of the tetracycline antibiotics.“4 For those 
whose occupations take them repeatedly into the woods and forests 
where ticks abound, the vaccine will reduce the severity of the disease.2> #! 
Laboratory workers exposed to the agent will benefit from inoculations. 
The usual course consists of 3 subcutaneous injections of 1 ml. of the 
Cox yolk sac killed vaccine (suspension of R. ricketts7i) at 7 to 10 day 
intervals. Children under 12 receive 0.5 ml. Boosters (0.5 ml.) are given 
putty: Allergy to egg or chick protein contraindicates use of this 
vaccine. : 


Tularemia 


During the past 10 years the incidence (365 to 680 cases annually) of 
tularemia has exceeded that of tetanus. Even though fatality is low 
(5 per cent) in untreated cases and negligible with streptomycin therapy 
studies continue for a good vaccine because of prolonged morbidity 
which may occur, and the epidemiological importance that tularemia 
may assume in biological warfare." Immunity to reinfection is not 
complete and third attacks have been reported. 

Recent studies have shown significant protection for man from infec- 
tion by virulent strains of P. tularensis with a live vaccine. A grippe- 
like disease was readily induced in nonvaccinated men by aerosol 
administration of a viable attenuated vaccine. Streptomycin, given at 

he earliest indication of systemic disease, ‘promptly controlled these 
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symptoms. The vaccine produced no serious reactions and gave significant 
protection against a respiratory dose upon rechallange.!®! When available 
this vaccine would be advisable for hunters, butchers and laboratory 
workers. 


GROUP IV. DISEASES FOR WHICH IMMUNIZATION PROCEDURES 
ARE OF PASSIVE VALUE OR ARE UNDER STUDY 


Several diseases in this group at present can be managed only by 
passive immunization procedures; e.g., infectious hepatitis. Other dis- 
eases are included for which vaccines are available, but their value is 
debatable or use is controversial due to low morbidity and mortality or 
effective antibiotic therapy. 


Anthrax 


Owing to the low incidence, 12 to 26 cases annually, during the past 5 years, 
the results of field trials with purified anthrax antigen have been inconclusive. 4 
When a potent (cell-free antigen) vaccine becomes available it would be recom- 
mended for employees handling potentially contaminated industrial raw mate- 
rials. Preventive measures should include annual inoculation of animals in 
enzootic areas with an approved spore vaccine. 


Brucellosis 

In view of the marked decrease in incidence! in the past 15 years, from over 
6000 cases in 1947 to 636 in 1961, and no more than 6 to 18 deaths annually in 
the past 10 years, there is little need in this country for active immunization. 
Most of the cases have occurred in packing house and farm workers, therefore, 
if a safe or dependable vaccine were available it would be limited to this group. 
Ultimate contro] of brucellosis in man depends upon the elimination of disease 
among domestic animals. Only pasteurized milk from Bang’s tested cattle 
should be consumed. Vaccines are available for immunization of calves. Exten- 
sive use of a live vaccine in man has been of value in the U.S.S.R.™8 


Dengue Fever 

Protection against breakbone fever may be of critical importance to troops 
and certain workers in tropical areas, especially if mosquito control is imprac- 
tical. Studies are in progress with 4 “candidate” strains to produce a live atten- 
uated vaccine against type 1 dengue fever. The least virulent of these strains 
has produced a good antibody response and will be tested for its ability to 
protect man.* 


Infectious Hepatitis 

Two antigenic variants causing hepatitis in man are recognized—virus 
A (IH) associated with infectious hepatitis and virus B (SH) “related” 
to serum hepatitis. The latter virus transmitted by blood or blood 
products differs from virus A (IH) in that it produces a more severe 
course, has a longer incubation period and may result in a poorer prog- 
nosis. Taylor et al. have isolated 3 distinct serological types of 
culturally similar viruses from cases of hepatitis. These were found in 
the serum of 5 to 35 per cent of normal persons and over 95 per cent of 
patients with viral hepatitis. Two serotypes, named Hemovirus, pro- 
duced hepatitis in volunteer subjects. From studies which began in 1956 
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Taylor’s group has developed a clinical concept that hepatic involve- 
ment, especially associated with jaundice and abnormal liver function, 
is a relatively infrequent complication of a rather common viral infection. 

Until a diagnostic antigen is developed and a vaccine becomes avail- 
able (3 to 5 years), pooled gamma globulin (PGG) must be used to 
immunize passively individuals exposed to IH virus, but it is of doubtful 
value against SH virus. Evidence has shown that immune PGG may be 
effective in preventing or modifying IH when administered as long as 5 
weeks after exposure? (within 6 days of expected onset), and confers 
protection for as long as 8 weeks after inoculation. If the smaller dose 
of 0.01 ml./Ib. is used it is believed that active-passive immunity may 
result since PGG suppresses symptoms but does not prevent infection. 
There is no reason why it should not be used in any individual who has 
had intimate contact (not secondary); however, the disease is so mild 
in healthy young children that it may be better to allow them to become 
infected and acquire a natural immunity.” Since PGG reduces the 
frequency of multiple cases in families, the majority of physicians feel 
that it should be given to all family contacts. Pooled gamma globulin 
(Table 15) should be employed for the control of epidemics in children’s 
and military camps and in institutions. 

A higher dose,* 0.06 ml./lb., is indicated for: (1) a child or adult 
subjected to prolonged or continued exposure in a highly endemic area; 
(2) pregnant or postmenopausal females; (3) patients with pre-existing 
hepatic disease. If exposure continues the dose is repeated at intervals 
of 6 to 8 weeks. For certain individuals, such as Peace Corps and military 
personnel prior to overseas travel to endemic areas, one injection is 
given prophylactically and repeated in 4 to 6 months. 


Gamma Globulin Prophyla xis 


Human pooled gamma globulin (PGG) which contains antibodies to 
several diseases is employed not only to prevent passively or modify the 
severity of clinical expression of the disease, but in hopes that active 
immunity will develop under cover of gamma globulin. The effective 
use of PGG for prophylaxis must be governed by an understanding of 
the pathogenesis of the disease to be treated. Passive immunization is 
not always effective especially if therapy is given too late or in inade- 
quate dosage (Table 15). 

Since 1 or 2 days are required for maximum serum levels to be obtained 
after intramuscular injection, PGG must be administered as soon after 
exposure as possible. Variations in antibody content occur in different 
batches of PGG, therefore, the immunity produced is variable’? except 
when specific hyperimmune gamma globulin (convalescent) is used. 
Toxic reactions to PGG given intramuscularly are uncommon (1 per 
cent) and rarely serious. These include local inflammation and mild 
systemic reactions, e.g., malaise, fever (low grade) and headache. Glaser®* 
recently discussed the rarity of anaphylactic reactions to gamma globulin. 

Modification of the disease is often preferable to complete prevention 
therefore a smaller dose or one given late in the incubation period may 
result in a modified infection. Separate sections in groups I, Ill and IV. 
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Table 15. Passive Immunization Procedures* 


DISEASE 


DOSE—QUANTITY AND ROUTE 


Child 


Adult 


COMMENT 


Botulism 


Infectious hepatitis 


Bivalent hyperimmune 
antitoxin 10,000 to 
100,000 units TV 

Pooled gamma globulin 
0.01 ml./lb. body wt. 
SC or IM 


Same dose as child 


Pooled gamma globulin 
0.05-0.06 ml./lb. body 
wt. SC or IM 


Give immediately when diag 
nosis is suspected. Dilute 
1:10! 

Give within 7 days, may pro- 
tect up to 6 days before 
onset of disease. Repeat 
dose in 6-8 weeks if re- 
exposed. 


Measles To modify: Pooled To modify: Same dose To prevent: 0.1 ml./lb. body 
gamma globulin: as child wt. for all infants, chroni- 
0.02 ml./lb. body wt. eally ill children, Double 
SC or IM dose if over 6 days since 
exposure. 
Mumps Nonimmune adoles- Hyperimmune gamma _ Give within 10 days of expo- 
cents: 7.5 ml. hyper- globulin 20 ml. SC or sure to prevent orchitis. 
immune GG SC or IM 
IM 
Pertussis Hyperimmune gamma None Give within 10 days of expo- 
globulin 2.5 ml./Ib. sure. Repeat dose in 5-7 
body wt. SC or IM days if exposure continues. 
Rubella None Pooled gamma globulin Only to susceptible woman 
20 ml. IM during first 4 months of 
pregnancy within 1 week 
of exposure. 
Varicella Pooled gamma globulin To modify: High-risk contacts only; i.e., 


0.2-0.3 ml./lb. body 
wt. IM within 3 days 
of exposure 


Pooled gamma globulin 
0.6 ml./lb. body wt. 
IM 


Same as child 


To modify: 
Same as child 


* See text under specific disease for details of management. 


poor health, neonate, ec- 
zema, low steroid dosage, 
pregnancy with negative 
history. 

Serious-risk contacts: high 
steroid dosage (recent or 
present), blood dyscrasia, 
antimetabolites. 


discuss immunizing procedures for most of the diseases in Table 15. 
Varicella’ and botulism%® are not included due to space limitations. 


Leptospirosis 


With an average of 12 deaths per year and an incidence of 24 to 71 cases 


annually during the past decade, little attention has been given to vaccine 
study in this country. Extensive trials in Europe with killed vaccines have 
shown good protection in rice-field workers.‘ Since good personal hygiene, wear- 
ing protective clothes and elimination of animal vectors, i.e., rat, dog, are effective 
control measures, leptospiral vaccines will not be needed for routine use. When 
required in certain occupational situations, i.e., veterinarians, farmers, abattoir 
workers, the vaccine must be effective against the dominant local strain. 


Rubella 


A great advance has been made with the isolation of the rubella virus 
simultaneously by Weller and Neva in Boston and Parkman et al.” at 
Walter Reed Army Institute of Research. Further studies* have con- 
firmed and extended their findings, and data obtained from epidemio- 
logical and volunteer studies have established the agent as rubella virus 
(RV). Neutralizing antibodies to RV developed in over 90 per cent of 
these cases. 
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With development of an effective vaccine and the ability to determine 
serologically the status of an individual’s immunity to rubella, we will 
be able to offer immunization when it is needed. Only then will we be 
able to avoid the high incidence (20 per cent) of congenital malforma- 
tions!* which result from the teratogenic effects of the rubella virus 
during the first 4 months of pregnancy. Meanwhile, as the basic proper- 
ties of RV are being investigated, passive immunization with PGG is 
the only procedure available (Table 15); however, every effort should 
be made to expose children, especially girls, to German measles so that 
they will acquire the disease at a time when it is mild and inconsequential. 


Trachoma 


Although the incidence of trachoma in the U.S. is low, some 500 million 
persons are afflicted in Asia, the Mediterranean littoral and in the Middle Kast. 
Even though the sulfonamides and Terramycin-are 75 to 90 per cent effective, 
many individuals do not receive therapy early enough if at all. Some newly 
isolated strains of trachoma virus have shown varying susceptibility to anti- 
biotics.1*° Since children are more susceptible, a program of trachoma vaccination 
using a vaccine developed at Harvard School of Public Health was started last 
year among the Indian children in Phoenix, Arizona. 

Phillips" reviewed the outstanding work of Grayston et al.7° whose preliminary 
field trials have shown some protection with trachoma vaccine in 200 preschool 
children. Previous studies with aqueous (formalin, and live) and aluminum 
adjuvant vaccines on 142 volunteer students showed good antibody production 
and virtually no reaction to 3 types of vaccine. These studies and others are 
continuing and appear quite promising. 


GROUP V. DISEASES FOR WHICH IMMUNIZATION PROCEDURES 
ARE NOT ADVISABLE 


ScarRLeT Fever. There is no indication to immunize against erythrogenic 
toxin. Since penicillin, preferably long acting benzathine penicillin G,* eradicates 
beta hemolytic streptococci so effectively, little stimulus to develop a vaccine 
has occurred. Experience with naval recruits®® using Bicillin prophylactically to 
prevent rheumatic fever has been most gratifying. Edsall*? mentions the advan- 
tage of seeking a streptococcal vaccine against the types most responsible for 
serious sequelae. In view of the increasing incidence of streptococcal disease, 
i.e., a threefold rise in the past decade with 338,410 cases in 1961 and over 100 
deaths annually during the same period, the need is understandable. Meanwhile 
greater effort should be made by physicians to diagnose™ accurately beta 
hemolytic streptococcal infections and treat them appropriately for 10 days.*° 

ENcEPHALITIS. The principal arthropod-borne virus infections of North 
America are eastern equine (EEE), western equine (WEE), and St. Louis 
encephalitis. The latter accounted for most of the 455 cases of encephalitis in 
the Tampa, Florida, epidemic in 1962. Unfortunately, vaccines are not available 
for general use although vaccines for both WEE and EEE viruses have been 
used to protect laboratory workers. Studies continue in this area.23 

TypHus. Endemic (murine) and scrub typhus vaccines are not available. 
Antibiotics and modern insecticides (miticides) are most effective. 

BacrertaL Vaccines. Mixed bacterial respiratory and staphylococcal vac- 
cines have been used for many years with equivocal success, and most studies 
have lacked control groups.’ Hill” in a review of asthma in children stated 


* Bicillin (1.2 million units) or Bicillin C-R 600. 
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that their efficacy was not reliable, but they may be indicated in problem cases. 
These vaccines are not recommended for general use. 

Porson Ivy Vaccines. Oral and injectable preparations were discussed by 
Hill who stated that it was only occasionally necessary to attempt immunization 
in children. The only indication for hyposensitization would be when the need 
for protection is great and exposure is unavoidable. In our experience short-term 
(7 day) steroid therapy has been ideal in selected cases. 

MiscettaNngous. The use of such agents as acne, “cold” (oral or parenteral), 
arthritis or staphylococcus™ vaccines and the like is not recommended. 


SUMMARY AND CONCLUSIONS 


1. A review of the status of active and passive immunization pro- 
cedures available in 1963 has been presented. 

2. The more important procedures have been summarized (dose, 
indications, technique of administration) in 15 tables. 

3. A world map is included which indicates the immunizations neces- 
sary for those who travel internationally. 

4. At present a dozen excellent vaccines are available; however, it 
appears that they are not being advocated or employed adequately by 
the medical profession. 

5. It is well known that most people will accept immunization espec- 
ially if their physician so advises. Health education should always be 
an integral part of medical practice. 

6. Morbidity and mortality reports indicate that through lack of 
immunization significant numbers of people are becoming ill and dying 
unnecessarily from diseases which are preventable by proper immuni- 
zation, therefore it is mandatory that all physicians assume the respon- 
sibility of administering vaccines to those who need them. 
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genesis of ascites, May, 595 
pathology in cirrhosis of liver, May, 
593 


Adrenal insufficiency, abnormal water 
diuresis in, July, 930 

Adrenocorticoid hormones, growth and, 
Jan., 151 

Albumin, synthesis by subcellular frac- 
tions of liver, May, 682 

Alcoholism, acute, and pneumococcal 
pneumonia, treatment, Sept., 1267 

Aldactone. See Spironolactone. 

Aldosterone, metabolism in liver disease, 

May, 667 

regulation of secretion, May, 596 


Aldosterone (Continued) 
role in ascites formation, May, 588 
in pathogenesis of ascites in hepatic 
disease, May, 595 
Aldosterone antagonists, Jan., 33-40 
Aldosteronism, and hypertension, Jan., 
41-52 
clinical syndromes associated with, 
Jan., 45-49 
primary, Jan., 45 
spironolactone in, Jan., 38 
Alkali therapy in renal acidosis, July, 956 
physiologic rationale, July, 953 
Alkali-milk syndrome, Jan., 113-115. See 
also Milk-alkali syndrome. 
Alkaluria, as indication of renal dysfunc- 
tion, July, 870 
Amebiasis, diagnosis and management, 
Sept., 1882 
Amino acids, in carbohydrate metab- 
olism, Jan., 219 
specificity, Jan., 221 
Aminoaciduria, as indication of renal 
dysfunction, July, 870 
Amithiozone in tuberculosis, Sept., 1277, 
1280 
Amphotericin B, in blastomycosis, Sept., 
1119-1121 
in coccidiomycosis, Sept., 1131-1147 
in cryptococcosis, Sept., 1121-1123 
in histoplasmosis, Sept., 1124-1127 
oral therapy with, Sept., 1141 
renal lesions due to, Sept., 1140, 
1149-1154 
toxic reactions, Sept., 1138 
Amyloid goiter with nephrotic syndrome, 
March, 385-389 
Amzyloidosis, renal, hypertension asso- 
ciated with, July, 1060 
Amyotrophy, diabetic, March, 475 
Anabolic agents, Jan., 94 
in stunted growth, Jan., 154 
Androgens, growth and, Jan., 150 
in carcinoma of breast, Jan., 162, 164 
metabolism, in liver disease, May, 669 
pharmacology, trade names and uses, 
Jan., 93, 94 
Anemia, complicating acute tubular 
necrosis, July, 1038 
hemolytic, associated with liver dis- 
ease, May, 711-719 
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Anemia (Continued) ee 
hemolytic, etiologic role of steroids in, 
Jan., 109 
in malignant disease, March, 345 _ 
hypochromic, differential diagnosis, 
March, 338 
in malignant disease, March, 345 
intriguing types, March, 333-344 
in carcinoma of breast, hormonal 
therapy Jan., 164 
in renal disease, July, 1001 
treatment, July, 1002 
myelophthisic, in malignant disease, 
March, 348 
pernicious, curable, March, 257 
pyridoxine deficiency, March, 257 
transfusions in, Jan., 234 
unexplained, in  hypernephroma, 
March, 434 
Aneurysm, aortic, abdominal flank pain 
in, March, 440 
Angiocardiography, as aid to medical 
diagnosis, March, 323-332 
technique, March, 323 
Angiotensin, in cirrhosis with ascites, 
May, 596, 597 
Anomalies, congenital, renal, hyperten- 
sion due to, July, 1057 
Anthrax, immunization, Sept., 1429 
Antibiotics, fever from, lessons drawn 
from 25 cases, March, 523-529 
in acute tubular necrosis, July, 1039 
in pyelonephritis, selection of, July, 
1097 


toxicity of, and renal disease, July, 
1098 


Antibodies, produced in hepatitis, charac- 
terization of, May, 702 
Antidiuretic hormone role in metabolic 
abnormalities of ascites and cirrhosis 
of liver, May, 595 
Antifibrinolytic activity in malignant 
disease, March, 351 
Antisera in staphylococcal infections, 
Sept., 1240 
Aortic aneurysm, abdominal, flank pain 
in, March, 440 
Armanni-Egstein — lesion, 
mellitus, July, 1078 
Arteries, renal, causes of occlusion in 
hypertension due to unilateral renal 
ischemia, July, 852-854 
Arthralgia, differential diagnosis, March, 
511-521 
Arthritis, exacerbation, following chloro- 
thiazide therapy, Jan., 121 
gonococeal, March, 519 
gouty, acute, mechanisms, Jan., 177 
recurrent with complete remis- 
sions, Jan., 178 
treatment, Jan., 185 
chronic, Jan., 179 
in pneumococcal pneumonia, treat- 
ment, Sept., 1267 
psoriatic, March, 514 
rheumatoid, diagnosis, March, 512 
septic, diagnosis, March, 516 


in diabetes 


Cumulative Index 


Ascariasis, diagnosis and management, 
Sept., 1383 : 
Ascites, in hepatic disease, mechanisms 
of formation, May, 587 

roles of aldosterone and renal- 
adrenal interaction in, May, 595 
in portal hypertension, shunt proce- 
dures for, indications, March, 319 
Asthenia, postinfluenzal, Sept., 1197 _ 
Atherosclerosis of coronary artery, diet 
and serum lipids in, Jan., 3-31 
Atrophy, senile, of vulva, March, 451 
Audiometric examination in dizziness, 
March, 487 
Autonomic syndromes, diabetic, March, 
AT7 


BAcITRACIN in staphylococcal infections, 
Sept., 1239 
Bacteriuria, catheterization as cause, 
Sept., 1336 
in diabetes, Sept., 1337 
pregnancy and, Sept., 1337 
tests for, Sept., 1334, 1335 
BCG, stimulation of phagocytic activity 
with, May, 744 
Beriberi, resemblance to cirrhosis, May, 
574 
Berylliosis, kidney stones and, July, 968 
Beta-methasone, Jan., 8 
Bicillin in syphilis, Sept., 1854 
Biguanides in diabetes, Jan., 54, 57 
Bile, formation of, and electrolyte trans- 
port in liver, May, 607-620 
organic anions in, May, 612 
Bile acid(s), chemistry of, May, 630 
metabolism of, clinical and experi- 
mental aspects, May, 629-648 
Bile salt(s), chemical properties, May, 
610 


secretion of, role in bile production, 
May, 612 
Biliary cirrhosis, serum protein electro- 
phoretic pattern in, May, 692 
Biliary obstruction, effect on hepatic 
phagocytosis, May,-745 
extrahepatic, serum protein electro- 
phoretic pattern in, May, 692 
Biliary tract, electrolyte and water reab- 
sorption from, May, 614 
Bilirubin, formation and excretion of, 
May, 621-628 
ae renal, percutaneous, July, 903- 


Birth control, ovulation suppressants in, 
Jan., 135-140 
Blastomycosis, amphotericin B in, Sept., 
1119-1121 
Bleeding. See Hemorrhage. 
Blood, and blood products, use of, opti- 
mal, Jan., 231-239 
cells, red, normal values, March, 335 
clotting disturbances, in malignant 
disease, March, 350 
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Blood (Continwed) 
flow, aortic, in cirrhosis of liver, May, 
564 


hepatic, measurement based on 
hepatic phagocytosis, May, 747 
pressure, in cirrhosis of liver, May, 591 
transfusions. See T'ransfusions. 
Blood urea nitrogen, in clinical evalua- 
tion of renal function, July, 862 
Body fluids. See Fluids, body. 
Body water. See Fluids, body. 
Boils, Sept., 1347 
Botulism, immunization, Sept., 1431 
Bowen’s disease of vulva, March, 454 
Brachial plexus, anatomy, March, 465 
lesions, cervical nerve root compres- 
ce and, differentiation, March, 
46 
Brain, abscess, pathogenesis, diagnosis 
and treatment, Sept., 1355-1370 
tumor, hyperventilation syndrome sim- 
ulating, March, 493 
Breast, carcinoma, endocrine therapy, 
Jan., 159-167 
Brucellosis, immunization, Sept., 1429 
BUN. See Blood urea nitrogen. 
Burns, effect on hepatic phagocytosis, 
May, 746 


CALCIFICATION, of renal parenchyma, 
disorders associated with, July, 856 
Calcium, serum, hazards in determina- 

tions, July, 965 
Calcium stones, renal, July, 964 
Calculus(i), renal. See Kidney stones. 
ureteral, July, 1089 
Calorie test in dizziness, March, 488 
Capreomycin in tuberculosis, Sept., 1278 
Carbohydrate metabolism, amino acids 
in, Jan., 219 
Carbohydrates, in treatment of cirrhosis 
of liver, May, 760 
Carbonic anhydrase inhibitors, use of, 
electrolyte complications, Jan., 118 
Carbuncles, Sept., 1347 
Carcinoma, anemia complicating, March, 
345 
diagnosis, among 407 patients with 
positive smears, March, 457-461 
endocrine therapy, electrolyte com- 
plications, Jan., 117 
hematologic manifestations, March, 
345-352 
of breast, endocrine therapy, Jan., 
159-167 
of kidney, renal cell, diagnosis, March, 
431-439 
of lung, hypertrophic osteoarthropathy 
in, March, 518 
of pancreas, abnormal carbohydrate 
metabolism in, March, 397-405 
Cardiovascular complications of influ- 
enza, Sept., 1194 
Cardiovascular dysfunction, effects on 
hepatic circulation and cardiovascular 
homeostasis, May, 558 
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Cardiovascular homeostasis, hepatic cir- 
culation and, May, 549-562 
ove broad, in urinary sediment, July , 
| 


ae in urinary sediment, July, 


hematogenous, tubular obstruction by, 
in pathogenesis of acute tubular 
necrosis, July, 1030 
hyaline, in urinary sediment, July, 889 
a aay in urinary sediment, July, 
red cell, in urinary sediment, July, 894 
Castration. See Oophorectomy. 
Catheterization, as cause of urinary tract 
infection, Sept., 1336 
cardiac. See under Heart. 
in acute tubular necrosis, July, 1037 
Celiac disease, March, 417-424 
Cellulitis, staphylococcal, treatment, 
Sept., 1241 
Cephalin flocculation reaction, in liver 
disease, May, 694 
Ceruloplasmin, deficiency in Wilson’s 
disease, May, 819 
role in copper metabolism, May, 816 
Cervical nerve root compression, diag- 
nosis, March, 463-471 
Cervix uteri, positive smears, evaluation, 
March, 457 
Cestode infections, diagnosis and treat- 
ment, Sept., 1388 
Chickenpox, immunization, Sept., 1431 
Chloramphenicol, in acute tubular ne- 
crosis, July, 1039 
in endocarditis, Sept., 1293 
in staphylococcal infections, Sepé., 1239 
Chloride administration, in renal acidosis, 
July, 954 
Chlorothiazide, electrolyte complications, 
Jan., 119, 120 
Chlorpropamide in diabetes, Jan., 54, 57 
Cholera, immunization, Sept., 1418 
treatment and prevention, Sept., 1326 
Cholesterol, metabolism of, liver and, 
May, 649-661 
serum, and atherosclerotic coronary 
heart disease, Jan., 3-31 
relationship to liver, May, 657 
Choline, deficiency of, in pathogenesis of 
cirrhosis of liver, May, 753 
Cigarette smoking and coronary heart 
disease, Jan., 10, 13 
Circulation, disturbances of, in cirrhosis 
of liver, May, 590 
hepatic, and cardiovascular homeos- 
tasis, May, 549-562 j 
systemic, adjustments in hepatic dis- 
ease, May, 563-578 » 
Circulatory problems in dysproteinemia, 
March, 353-367 
Cirrhosis, biliary, serum protein electro- 
phoretic pattern in, May, 692 
Laennec’s, serum protein electropho- 
retic pattern in, May, 693 
immunoelectrophoretic pattern 
in, May, 699, 700 
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Cirrhosis (Continued) 1 : 
of liver, aldosterone antagonists In, 
Jan., 36 , 
as sequela of viral hepatitis, May, 790 
ascites and abnormalities in water 
and electrolyte metabolism, May, 
589, 593 
clinical considerations, May, 756 
dietary factors in pathogenesis and 
treatment, May, 753-763 
etiologic role of steroids in, Jan., 109 
hemodynamic abnormalities in, May, 
563-578 
hemolytic anemia associated with, 
May, 712 
juvenile, active, indications for ste- 
roid therapy, May, 805 
prednisone dosage, May, 811 
portal hypertension associated with, 
surgical aspect, May, 579-586 
renal and adrenal pathology in, May, 
592 
resemblance of beriberi to, May, 574 
with ascites, prednisone dosage, 
May, 811 
postnecrotic and portal, effect on he- 
patic phagocytosis, May, 745 
Clostridial enteritis, treatment, Sept., 
1327 
Clotting factors, vitamin K-dependent, 
deficiencies in liver disease, May, 723 
Coagulation, defective, in renal disease, 
July, 1003 
Coccidiomycosis, amphotericin B_ in, 
Sept., 1131-1147 
pathogenesis and diagnosis, Sept., 1131 
Coe virus, Sept., 1161 
Cold, common, and related viral respi- 
ratory infections, role of immunity 
in, Sept., 1171-1184 
interferon in, Sept., 1181 
vaccines in, Sept., 1181 
Colistin, in endocarditis, bacterial, Sept., 
1290; 1293 
in tubular necrosis, acute, July, 1039 
Colitis, ulcerative, arthritis with, March, 
514 
Collecting ducts, renal, functions of, 
July, 881 
Colloid blockade, stimulation of phago- 
cytic activity by, May, 744 
Colon, irritable, diagnosis and treatment, 
March, 425-429 
flank pain in, March, 442 
spastic, March, 425 
Coly-Mycin. See Colistin. 
Coma, hepatic, following use of aceta- 
ap lade or chlorothiazide, Jan., 
120 
protein intake and, May, 758 
Connective tissue disorders, arthralgia in, 
March, 518 
Contraception, ovulation suppressants 
in, Jan., 135-140 
Convulsive seizures, curable, March, 255 
Copper, and Wilson’s disease, Jan., 209 
metabolism, role of liver, May, 816 
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Coronary artery disease, atherosclerotic: 
diet and serum lipids in, Jan., 
3-31 
risk factors, Jan., 10 
diagnostic problems in, March, 
267-278 
Coronary Prevention Evaluation Pro- 
gram, findings, Jan., 13-25 
Corticosteroids, electrolyte 
tions, Jan., 123 
in tuberculosis, Sept., 1281 : 
stimulation of phagocytic activity 
with, May, 745 ; 
Corticosterone, metabolism in liver dis- 
ease, May, 664 
Cortisol, metabolism in liver disease, 
May, 664 
Cortisone, glucose tolerance test, Jan., 


complica- 


pharmacology, trade names, dosage 
forms and uses, Jan., 87, 88 
Cortisone test, in differentiating causes 
of hypercalcemia, July, 970 
Cough in hiatus hernia, March, 409 
Countercurrent, types of processes, July, 
874 


integrated function in kidney, 
July, 876 
Countercurrent concentrating mecha- 
nism, renal, July, 873-886 
Coxsackie A-21 virus, Sept., 1161 
Creatinine, clearance, in clinical evalua- 
tion of renal function, July, 865, 866 
plasma, in clinical evaluation of renal 
function, July, 863 
Cryofibrinogenemia, March, 356 
Cryoglobulinemia, March, 353 
Cryptococcosis, amphotericin B in, Sept., 
1121-1123 
Cycloserine, pharmacology and toxicity, 
Sept., 1275, 1280 
Cyst(s), renal, microscopic appearance, 
July, 844 
Cystine stones, renal, July, 975, 977 
eS kidney stones and, July, 975, 
Ge 
Cystitis, Sept., 1331 
Cytology, positive smears, diagnostic 
problems in, March, 457-461 


DBI. See Phenformin. 

Dehydration, concentrated urine due to, 
relation to kidney stones, July, 973 
Delirium tremens and pneumococcal 

pneumonia, treatment, Sept., 1267 
Dengue fever, immunization, Sept., 1429 
Deoxycorticosterone, trade names and 

dosage forms, Jan., 89 
Depressions, somaticized, patterns in, 

March, 506 
Depressive reactions, as etiologic factor 

in many somatic syndromes, 
_March, 499-509 
diagnosis, March, 504 
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Dermatologic manifestations of vulvar 
pruritus, March, 447-456 
Dermatoses, secondary infections of, 
Sept., 1350 
Dexamethasone, pharmacology, trade 
names, dosage forms and uses, Jan., 
87, 88 
Diabetes insipidus, nephrogenic, diag- 
nosis and treatment, July, 919-926 
Diabetes mellitus, and coronary artery 
disease, Jan., 10, 12, 13 
associated with glomerulosclerosis, 
clinical features, July, 1077 
bacteriuria in, Sept., 1337 
biguanides in, Jan., 54, 57 
chlorpropamide in, Jan., 54, 57 
glomerular lesions in, July, 850 
insulin in, resistance to, Jan., 70 
phenformin in, Jan., 54, 57 
a eg to (prediabetes), Jan., 
renal disease in, July, 1069-1080 
sulfonylureas in, Jan., 53, 56 
tolbutamide in, Jan., 54, 56 
treatment, oral hypoglycemic agents 
in, Jan., 53-60 
Diabetic neuropathy, March, 469-480 
Diabinese. See Chlorpropamide. 
Diagnosis, medical, angiocardiography 
as aid to, March, 323-332 
Diagnostic problems, difficult, sympo- 
sium on, March, 253-539 
from a positive cytology registry, 
March, 457-461 
Dialysis. See also Hemodialysis. 
peritoneal, complications, July, 1046 
technique, July, 1045 
Diaphragm, irritation, flank pain due to, 
March, 442 
Diarrhea, bacterial, diagnosis and treat- 
ment, Sept., 1315-1530 
pathogenesis, Sept., 1316 
kidney stones and, July, 973, 976 
Diet, in acute tubular necrosis, July, 
1034, 1037 
in atherosclerotic coronary heart dis- 
ease, Jan., 3-31 
in irritable colon, March, 428 
in pathogenesis and treatment of cir- 
rhosis of liver, May, 753-763 
in viral hepatitis, May, 796 
influence on bile acids, May, 636 
Differential diagnosis, hyperventilation 
in, March, 491-497 
Digestion, role of bile acids in, May, 634 
Diphtheria, immunization, Sept., 1400 
Diseases, rare but curable, March, 255- 
258 
Diuresis, water. See Water. 
Diuretics, in liver disease, steroid therapy 
as adjunct, May, 807 
mercurial, electrolyte complications, 
Apex, MPA 
Dizziness, differential diagnosis, March, 
481-490 
Drug(s), endocrinologic, 
available, Jan., 85-100 


commercially 
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Drug(s) (Continued) 
misuse or abuse, depressions due to, 
March, 502 
therapy, electrolyte complications of, 
Jan., 113-129 
Dwarfing, constitutional, Jan., 144, 153 
curable, March, 256 
in hypopituitarism, Jan., 145, 154 
in hypothyroidism, Jan., 144, 153 
primordial, Jan., 148 
Dysmenorrhea, ovulation suppressants 
in, Jan., 140 
Dysphagia in hiatus hernia, March, 407 
Dysproteinemia(s), circulatory problems 
in, March, 353-367 
classification, March, 354. 


ee examination, in dizziness, March, 
487 
Eaton’s agent pneumonia, diagnosis and 
treatment, Sept., 1201-1218 
Ecthyma, Sept., 1348, 1349 
Edema, in acute glomerulonephritis, 
July, 1011 
renal, in pathogenesis of acute tubular 
necrosis, July, 1031 
Edematous states, abnormal water diu- 
resis and hyponatremia in, July, 
929 
aldosterone antagonists in, Jan., 33- 


40 
Effusions, sterile, in pneumococcal pneu- 
monia, treatment, Sept., 1266 
Electrocardiography, in coronary prone- 
ness, Jan., 11 
in mitral stenosis, March, 282 
in pericarditis, March, 299 
Electrolytes, abnormalities, in acute 
tubular necrosis, July, 1035, 1038 
biliary, composition of, May, 608 
body water and, physiology, in hepatic 
disease, May, 587-606 
complications, of drug therapy, Jan., 
113-129 
metabolic abnormalities in cirrhosis 
and ascites, May, 589, 593 
transport, and bile formation in liver, 
May, 607-620 
Electrophoresis, in analysis of serum 
proteins in liver diseases, May, 683 _ 
Empyema, in pneumococcal pneumonia, 
treatment, Sept., 1266 
subdural, Sept., 1363 
Encephalitis, influenzal, Sept., 1196 
Encephalopathy, hemorrhagic, necrotiz- 
ing, acute, Sept., 1363 
hypertensive, in acute. glomerulone- 
phritis, July, 1012 
treatment, July, 1016 
Endocarditis, acute, in pneumococcal 
pneumonia, treatment, Sept., 1267 
bacterial, brain abscess complicating, 
Sept., 1358 
diagnosis and treatment, Sept., 1285- 
— 1300 
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Endocarditis (Continued) : 
bacterial, in penicillin-allergic patient, 
treatment, Sept., 1295 
prophylaxis, Sept., 1295 
subacute, curable, March, 258 
flank pain in, March, 442 
following cardiovascular surgery, Sept., 
1294 
Endocrine controlof growth, Jan., 143-157 
Endocrine diseases, anemia of, vs. hypo- 
chronic anemias, March, 340, 342 
symposium on, Jan., 1-230 
Endocrine therapy of carcinoma, elec- 
trolyte complications, Jan., 117 
of breast, Jan., 159-167 
Endocrinologic drugs, commercially 
available, Jan., 85-100 
Endometrium, positive smears, evalua- 
tion, March, 457 
Endotoxin, stimulation of phagocytic 
activity with, May, 744 
Enovid as ovulation suppressant, Jan., 
135, 136, 137 
Enteritis, bacterial, diagnosis and treat- 
ment, Sept., 1315-1330 
Enterobiasis, diagnosis and management, 
Sept., 1385 
Enterococcal endocarditis, 
Sept., 1292 
Enteropathies, arthritis with, JZarch, 514 
gluten-induced, March, 417-424 
Eosinophilia in malignant disease, March, 
350 
Epilepsy, hyperventilation syndrome 
simulating, March, 493 
Epithelium, tubular, cells of, in urinary 
sediment, July, 897 
Erysipelas, Sept., 1348, 1349 
Erythema nodosum, arthralgia in, March, 
519 
Erythroblastosis neonatorum, transfu- 
sions in, Jan., 236 
Erythrocytes, alterations in hemolytic 
anemia associated with liver disease, 
May, 716 
in urinary sediment, July, 896 
normal values, March, 335 
Erythrocytosis, in renal disease, July, 
1008 
Erythromycin, in acute tubular necrosis, 
July, 1039 
in staphylococcal infections, 
1239 
topical use, Sept., 1346 
Escherichia coli gastroenteritis, treat- 
ment, Sept., 13825 
Esophagus, varices, causes of, March, 318 
hemorrhage from, in cirrhosis of 
liver, May, 579 
shunt procedures for, indications, 
March, 316 
Estrogens, growth and, Jan., 151 
metabolism in liver disease, May, 672 
pharmacology, trade names and uses, 
Af a 95, 96 
stimulation of phagocytic activit 
with, May, 744" ¥ : 


treatment, 


Sept., 


Cumulative Index 


Ethambutol, toxicity, Sept., 1277 

Ethionamide, in tuberculosis, Sept., 1276, 
1280 

Ethisterone, trade names and dosage 
forms, Jan., 98 s 

Etiocholanolone, fever-producing action, 
Jan., 102 

Eunuchoidism, 
March, 256 : 

Excretion tests, in clinical evaluation of 
renal function, July, 867 ; 

Exertion, effects on hepatic circulation 
and cardiovascular homeostasis, May, 
555 

Extrasystoles, clinical 
March, 259-266 

Eye, examination, in dizziness, March, 
487 


male, adult, curable, 


significance, 


Fanconr syndrome, adult, clinical and 
genetic features, Jan., 204 
report of two cases, Jan., 191-206 
with multiple myeloma, Jan., 192 
microscopic apperance, July, 846 
Fat. See also Lipid. 
in pathogenesis of cirrhosis of liver, 
May, 754 
in treatment of cirrhosis of liver, May, 
759 
Fever, production, by antibiotics, lessons 
drawn from 25 cases, March, 523- 
539 
by steroids, Jan., 101-112 
unexplained, in hypernephroma, 
March, 434 
Fibrin, formation of, abnormalities in 
liver disease, May, 728 
Fibrinogen, abnormalities in liver disease, 
May, 728 
deficiencies, transfusion in, Jan., 234 
ph in malignant disease, March, 
351 
plasma, abnormal, in liver disease, 
May, 731 
Fibrinolytic agents, therapy with, evalu- 
ation of, Jan., 241-248 
Fibrosarcoma, hemolytic. anemia in, 
March, 347 
retroperitoneal, “spindle cell,’ hypo- 
glycemia with, March, 394. 
Flank pain in nonurologic disease, March, 
437-445 
Flocculation reactions, in analysis of 
mete proteins in liver disease, May, 


Fludrocortisone, Jan., 89 
Fluid balance, in acute tubular necrosis, 
July, 1033, 1038 
Fluid deprivation, in diagnosis of dia- 
betes insipidus, July, 921 
Fluids, body, electrolytes and, physiol- 
ogy, in hepatic disease, May, 587- 


metabolic abnormalities in cirrhosis 
and ascites, May, 589, 593 
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Fluids (Continued) 
body, osmolality of, central regulatory 
mechanisms, July, 917 
normal physiologic regulation, 
July, 916 
Fluoxymesterone, trade names and dos- 
age forms, Jan., 93 
Fluprednisolone, Jan., 88 
Folliculitis, Sept., 1347, 1348 
pce onic ulcer, in diabetes, March, 


Friction rub, pericardial, March, 298 
Fungous diseases of vulva as cause of 
pruritus, March, 449 
Furunculosis, 1347 
of vulva, March, 450 
staphylococcal, treatment, Sept., 1241 


GALLBLADDER, concentrating activity of, 
May, 617 
Gamma globulin, in viral hepatitis, May, 
794 


increased, in acute and chronic liver 
diseases, pathogenetic significance, 
May, 700 
prophylaxis, Sept., 1430 
Gastroenteritis, bacterial, acute, diag- 
nosis and treatment, Sept., 1315-1330 
Gastrointestinal complaints in hyper- 
nephroma, March, 432 
Gastrointestinal disease, hyperventila- 
tion syndrome simulating, March, 495 
Gastrointestinal symptoms, in acute 
tubular necrosis, July, 1039 
Genital development, precocious, curable, 
March, 256 
German measles, immunization, Sept., 
1431 
Glitter cells, in urinary sediment, July, 
897 
Globulin, immune, use of, Jan., 235 
Glomerular filtrate, nonspecific tubular 
reabsorption of, in pathogenesis of 
acute tubular necrosis, July, 1031 
Glomerulonephritis, acute, etiology, diag- 
nosis and treatment, July, 1007— 
1021 
urinary sediment in, July, 894 
and pulmonary hemorrhage, micro- 
scopic appearance, July, 855 
hypertension due to, July, 1058 
in cirrhosis of liver, May, 592 
renal biopsy in, July, 906 
Glomerulosclerosis, diabetic, July, 1073— 
1078 
hypertension associated with, July, 
1060 


microscopic appearance, July, 850 
Glomerulus(i), growth and aging of, 
microscopic appearance, July, 842 
Glucocorticoids, pharmacology, dosage 
forms and uses, Jan., 86, 88 
Glucose tolerance test, cortisone, Jan., 


normal and diabetic values, Jan., 
61 
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Glucosuria, as indication of renal dys- 
function, July, 869 

Gluten-induced enteropathy, 
417-424 

Glyceryl trioleate, stimulation of phago- 
cytic activity with, May, 745 

Goiter, amyloid, with nephrotic syn- 
drome, March, 385-389 

Gonadal dysgenesis, stunting of growth 
in, Jan., 148, 154 

Gonadotropic function, evaluation of, 
Jan., 147 

Gonadotropins, chorionic, trade names, 
dosage forms and uses, Jan., 99 

Gout, acute, mechanisms, Jan., 177 
classification, Jan., 176 
clinical characteristics, Jan., 178 
current concepts, Jan., 169-189 
diagnosis, Jan., 180; March, 516 
renal, Jan., 175 

Growth, disturbances of, Jan., 143-157 
endocrine control, Jan., 143-157 
hormone, pituitary, Jan., 149 

Guanethidine, salt and water retention 
due to, Jan., 125 

Gullain-Barré syndrome, recognition, 
prognosis and treatment, Sept., 1371- 
1380 


March, 


HEADACHE, reactivation by emotional 
trauma, March, 507 
Heart, catheterization, in nutral stenosis, 
March, 283 
in pericarditis, March, 303 
disease, congenital, brain abscess com- 
plicating, Sept., 1358 
coronary, atherosclerotic, diet and 
serum lipids in, Jan., 3-31 
diagnostic problems in, March, 
267-278 
rheumatic, epidemiology, Sept., 1802 
natural history, Sept., 1310 
failure, congestive, aldosterone antag- 
onists in, Jan., 35 
hepatic circulatory changes in, 
May, 558, 559 
in acute glomerulonephritis, July, 
1012 
treatment, July, 1017 
surgery, endocarditis following, Sept., 
1294 


Hematologic manifestations, of malig- 
nant disease, March, 345-352 
Hematuria, congenital, hereditary and 
familial, July, 847 
in acute glomerulonephritis, July, 1011 
Hemodialysis. See also Dialysis. 
clinical, common methods, July, 1045 
clinical applications, July, 1049 
current status, July, 1043-1056 
extracorporeal, complications, July, 
1047 
indications for, July, 1048 
Hemodynamics, abnormalities in cirrho- 
sis of liver, May, 563-578 
Hemoglobinopathies, anemia of, vs. hy- 
pochromic anemia, March, 339, 342) . 
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Hemophilia, transfusions in, Jan., 235 
Hemorrhage, complicating acute tubular 
necrosis, July, 1039 
disorders, in malignant disease, March, 
350 
effects on hepatic circulation and car- 
diovascular homeostasis, May, 558 
from esophageal and gastric varices, 
in cirrhosis of liver, May, 579 
in renal disease, July, 1003 
occult, in hiatus hernia, March, 408 
pulmonary, glomerulonephritis and, 
microscopic appearance, July, 855 
severe, transfusions in, Jan., 233 
Hemostasis, defects, in liver disease, 
May, 723 
in renal disease, July, 1003 
mechanisms, in liver disease, May, 
721-736 
normal, May, 721 
Henoch-Schoenlein purpura, arthralgia 
in, March, 520 
Hepatectomy, partial, effect on hepatic 
phagocytosis, May, 746 
Hepatic coma following use of acetazol- 
amine or chlorothiazide, Jan., 120 
Hepatitis, acute, serum protein immu- 
ee pattern in, May, 
69 
characterization of antibodies pro- 
duced in, May, 702 
cholangiolitic, serum protein electro- 
phoretic pattern in, May, 689 
chronic, serum protein electrophoretic 
pattern in, May, 688 
immunoelectrophoretic pattern 
in, May, 698 
infectious, acute, indications for ste- 
roid therapy, May, 802 
and pelea clinical differences, May, 
82 
problems in isolation of etiologic 
agents, May, 783 
carrier state, May, 782 
immunization, Sept., 1429, 1431 
steroid dosages in, May, 811 
steroid therapy as diagnostic test, 
May, 809 
lupoid, May, 791 
serum protein electrophoretic pat- 
tern in, May, 689 
immunoelectrophoretic pattern 
in, May, 698 
serum, carrier state, May, 782 
Hepatitis, viral, effect on hepatic phago- 
cytosis, May, 745 
Hepatitis, viral, epidemiology and man- 
agement, May, 787-799 
hemolytic anemia associated with, 
May, 712 
serum protein electrophoretic pat- 
tern in, May, 688 
viruses of, May, 779-786 
Hepatolenticular degeneration, patho- 
physiology, Jan., 207-217 
Hepatoma, Laennec’s cirrhosis with, 
serum protein immunoelectrophoretic 
pattern in, May, 700 
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Hepatorenal syndrome, in cirrhosis of 
liver, May, 591 ‘ 
Hernia, hiatus, symptomatic variables, 
March, 407-415 
Hiatus, esophageal, anatomy of, March, 
412 
hernia. See under Hernia. 
Hidradenitis suppurativa, Sept., 1348, 
1350 
of vulva, March, 450 
Histoplasmosis, amphotericin B in, Sept., 
1124-1127 
Hookworm infection, diagnosis and man- 
agement, Sept., 1383 
Hormonal drugs, commercially available, 
Jan., 85-100 
Hormone(s), adrenocorticoid, 
and, Jan., 151 
antidiuretic, inappropriate secretion 
of, July, 927 
role in urinary concentration, July, 
882 
growth, pituitary, Jan., 149 
thyroid, growth and, Jan., 151 
Hospital infections, staphylococcal, inter- 
ruption of transmission as means of 
control, Sept., 1247-1256 
Hydralazine, in hypertensive encepha- 
lopathy of acute glomerulonephritis, 
July, 1017 
Hydralazine syndrome, Jan., 122 
Hydrarthrosis, intermittent, March, 517 
Hydrocortisone. See also Cortisol. 
in pre rnt infectious hepatitis, May, 
11 
pharmacology, trade names, dosage 
forms and uses, Jan., 87, 88 
Hydrogen ion, renal excretion of, July, 
936, 938 
Hydronephrosis, due to congenital ure- 
teropelvic obstruction, July, 1090 
17-Hydroxycorticosteroids, urinary, eval- 
Satna : for ACTH function, Jan., 
14 
Hydroxycorticosterone. See Cortisol. 
Hyperbilirubinemia of newborn, trans- 
fusions for, Jan., 236 
Hypercalcemia, causes, differentiation, 
July, 970 ; 
eee to kidney stones, July, 967, 
detection of, hazards in serum calcium 
_ determinations, July, 965 
in hormone-treated cancer patients, 
Jan., 117, 164 
in hypervitaminosis D, Jan., 116 
Hypercalciuria, causes, differentiation 
ae causes of hypercalcemia, July, 
kidney stones and, July, 970, 972 
Hypercholesteremia and atherosclerotic 
_ coronary heart disease, Jan., 3-31 
in biliary cirrhosis, May, 643 
Hyperkalemia due to spironolactone, 
_ Jan., 121 
in acute tubular necrosis, July, 1035 
Hyperkaliuria, as indication of renal 
dysfunction, July, 870 


growth 


Cumulative Index 
ee or sess diagnosis, March, 431- 


Hyperoxaluria, primary, kidney stone 
and, July, 973 
Hyperparathyroidism, primary, kidney 
stones and, July, 968 
Hyperphosphatemia, in acute tubular 
necrosis, July, 1037 
Hypertension, adrenal 
Jan., 44 
aldosteronism and, Jan., 41-52 
clinical syndromes associated with, 
Jan., 45-49 
and coronary heart disease, Jan., 10, 
ih, 1 
curable, March, 255 
due to unilateral renal ischemia, 
microscopic appearances, July, 852— 
4 


regeneration, 


essential, aldosterone antagonists in, 
Jan., 37 
malignant, increased aldosterone pro- 
duction in, Jan., 48 
metacorticoid, Jan., 43 
portal, associated with cirrhosis of 
liver, surgical aspect, May, 579- 
586 
shunt procedures for, March, 315- 
321 
renal, diagnosis, pathophysiology and 
treatment, July, 1057-1068 
renal biopsy in, July, 907 
renovascular, July, 1059 
Hyperthyroidism, and periodic paralysis, 
March, 379-384 
drugs used in, Jan., 92 
Hyperuricemia, asymptomatic, Jan., 185 
gout and, Jan., 170 
Hyperuricosuria, kidney 
July, 975 
Hyperventilation, in differential diag- 
nosis, March, 491-497 
symptoms, March, 491 
Hypervitaminosis D, Jan., 116 
kidney stones and, July, 968 
Hypervolemia, in cirrhosis of liver, May, 
590 
Hypoadrenocorticism, tests for, Jan., 146 
Hypocalcemia, in acute tubular necrosis, 
July, 1037 
Hypoglobulinemia, transfusions in, Jan., 
234 
Hypoglycemia, hyperventilation 
drome simulating, March, 495 
idiopathic, of infants, Jan., 220 
with extrapancreatic neoplasm, March, 
391-396 : 
Hypoglycemic agents, oral, in diabetes, 
Jan., 53-60 ; 
Hypokalemia, due to thiazides, Jan., 118 
in liver disease, May, 811 
in salicylate intoxication, Jan., 124_ 
Hyponatremia, due to mercurial diu- 
retics, Jan., 121, 122 
in edematous states, July, 929 
Hypophosphaturia, as indication of renal 
dysfunction, July, 869 


stones and, 


syn- 
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Hypopituitarism, abnormal water diu- 
resis in, July, 930 
dwarfing in, Jan., 145, 154 
ee ere: transfusions in, Jan., 


Hyposthenuria, as indication of renal 
dysfunction, July, 870 
Hypothyroidism, abnormal water diu- 
resis in, July, 930 
drugs used in, Jan., 91, 92 
dwarfing in, Jan., 144, 153 
secondary, tests for, Jan., 146 
steroid metabolism in, May, 671 


Immunity, role, in common cold and 
related viral respiratory infections, 
Sept., 1171-1184 

Immunization, mandatory procedures 

for foreign travel, Sept., 1414 
passive, transfusions for, Jan., 235 
pediatric aspects, Sept., 1411 
status of, in 1963, Sept., 13893-1438 

Immunoelectrophoresis, in analysis of 
serum proteins in liver disease, May, 
696 

Impetigo, Sept., 1847, 1348 
follicular, of vulva, March, 450 

Infection(s), complicating acute tubular 

necrosis, July, 1038 
of skin, causes and treatment, Sept., 

1343-1354 
of urinary tract, selected aspects, Sept., 

1331-1341 
viral, of upper respiratory tract, Sept., 

1155-1170 

Infectious diseases, symposium on, Sept., 
1117-1438 

Inflammation, renal, hypertension due 
to, July, 1058 

Influenza, complications, Sept., 1191- 


control, factors of importance in, Sept., 
1185-1190 
immunization, Sept., 1185, 1189, 1406 
Insomnia in hiatus hernia, March, 411 
Insulin, circulating form and nature of, 
Jan., 67-76 
resistance, Jan., 70 
Insuloma, t-leucine and, Jan., 221 
Interferon in common cold, Sept., 1181 
Intervertebral disk lesion, cervical, diag- 
nosis, March, 463 
Intestine(s), disorders, inflammatory, 
etiologic role of steroids in, Jan., 
109 
kidney stones and, July, 973 
large, obstruction, flank pain in, 
March, 442, 443 
Intrapsoas abscess, flank pain in, March, 
443, 444 
Tron, deficiency, diagnosis, March, 335 
pathogenic sequence of, March, 334 
metabolism, aspects of, March, 333 
requirements, normal, March, 334 
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Trritable colon, diagnosis and treatment, 
March, 425-429 
flank pain in, March, 442 ; 
Ischemia, renal, unilateral, hypertension 
due to, microscopic appearances, 
July, 852-854 
role in acute tubular necrosis, July, 
1029 
Isoniazid, in tuberculosis, Sept., 1278 
pharmacology and toxicity, Sept., 1272 


JAUNDICE, cholestatic, drug-induced, 
serum protein electrophoretic pat- 
tern in, May, 690 

obstructive, extrahepatic, steroid ther- 
apy as diagnostic test, May, 809 
Joint disease, degenerative, arthralgia of, 
March, 515 
Juxtaglomerular apparatus, microscopic 
anatomy, July, 851 


Kanamycin, in acute tubular necrosis, 
July, 1039 
in endocarditis, bacterial, Sept., 1292, 
1293 
in staphylococcal infections, Sept., 
in tuberculosis, Sept., 1277, 1280 
Kidney. See also Renal. 
artificial, July, 1046. See also Hemo- 
dialysis, extracorporeal. 
biopsy. See under Biopsy. 
carcinoma, renal cell, diagnosis, March, 
431-439 
concentrating and diluting mecha- 
nisms, July, 918 
congenital anomalies, hypertension due 
to, July, 1057 
microscopic appearance, July, 844 
cysts and cystic lesions, microscopic 
appearance, July, 844 
oes) of, gout secondary to, Jan., 


hematologic complications, July, 
1001-1006 

hereditary, microscopic appearance, 
July, 846 


in diabetes mellitus, July, 1069-1080 
symposium on, July, 837-1100 
techniques in study of, July, 839, 840 
toxicity of antibiotics, July, 1098 
urinary sediment in, July, 887-901 
excretion, of acid, provocative tests of, 
July, 944 
of water, abnormalities in, patho- 
physiology and differential diag- 
nosis, July, 915-933 
glomerular growth and aging in, micro- 
Scopic appearance, July, 842 
failure. See also T'ubular necrosis. 
acute, definitions and types, July, 
1023 
due to urinary tract obstruction, 
diagnosis, July, 1027 


Cumulative Index 


Kidney (Continued) ; 
failure, acute, functional, 
course, July, 1032 
diagnosis, July, 1024 
in acute glomerulonephritis, July, 
1013 
treatment, July, 1017 
hemodialysis in, July, 1050, 1051, 
1052 


clinical 


oliguric, and acute tubular necrosis, 
July, 1023-1042 . 
function, abnormal, in cirrhosis of liver 
with ascites, May, 593 
evaluation of, clinical, July, 861- 
72 


influence of, on effects of mineralo- 
corticoids, Jan., 43 ; 

interaction with adrenal gland in 
pathogenesis of ascites, May, 595 

ischemia, unilateral, hypertension due 
to, microscopic appearances, July, 
852-854 

lesions, due to amphotericin B, Sept., 
1140, 1149-1154 

microscopic anatomy in health and 
disease, some current concepts of, 
July, 839-860 

papillary concentration, factors influ- 
encing, July, 878 

parenchymal calcification, 
associated with, July, 856 

pathology in cirrhosis of liver, May, 
592 


disorders 


stones, and pseudostones, roentgen 
characteristics of, July, 965 
calcium type, diagnostic steps fol- 
lowing identification, July, 
964 
relation to hypercalcemia, July, 
967, 969 
to hypercalciuria, July, 970 
hyperoxaluria and, July, 973 
in alkaline urine, July, 973 
relation to bowel disorders, 
July, 973 
ae schematic approach to, July, 
9 


cystine type, diagnostic steps fol- 
lowing identification, July, 977 

diagnosis, most important investi- 
gations in, July, 980, 981 

identification of type, July, 960 

in body, identification of, July, 961 

medical approach to diagnosis, July, 
959-984 

saree aly identification of, July, 

pee ooeges, identification of, July, 


recovered, analysis of, July, 960 
Silicate type, July, 979 
uric acid type, diagnostic steps fol- 
lowing identification, July, 
974, 975 
hyperuricosuria and, July, 
975 


_treatment, July, 977 
xanthine type, July, 979 _, 


Cumulative Index 


LasByrintH, lesions, causing dizziness, 
March, 484. 

Larva migrans, diagnosis and treatment, 
Sept., 1388 

Leptospirosis, immunization, Sept., 1431 

Leucine sensitivity, mechanism of, Jan., 
219-230 

Be: in urinary sediment, July, 


Leukocytosis, 
March, 349 
in renal disease, July, 1003 
pon: in malignant disease, March, 
in renal disease, July, 1003 
Leukoplakia of vulva, March, 450 
Lichen planus of vulva, March, 450 
Lichen sclerosus et atrophicus of vulva, 
March, 452 
Lipid. See also Fat. 
Be bodies, in urinary sediment, July, 
Lipids, serum, in atherosclerotic coronary 
heart disease, Jan., 3-31 
Liver, and cholesterol metabolism, May, 
649-661 
and its diseases, symposium on, May, 
549-824 
circulation of, and cardiovascular ho- 
meostasis, May, 549-562 
cirrhosis. See Cirrhosis. 
disease(s), abnormal serum cholesterol 
levels in, May, 659 
granulomatous serum protein elec- 
trophoretic pattern in, May, 693 
hemolytic anemia associated with, 
May, 711-719 
hemostatic mechanisms in, May, 
721-736 
metabolism of steroid hormones in, 
May, 663-677 
pathogenetic significance of increase 
in gamma globulins, May, 700 
physiology of body water and elec- 
trolytes in, May, 587-606 
place of steroid therapy in treat- 
ment, May, 801-814 
plasma proteins in, May, 679-710 
serum bile acid changes in, May, 641 
systemic circulatory adjustments in, 
May, 563-578 
dual role in Wilson’s disease, May, 
815-824 
electrolyte transport and bile forma- 
tion in, May, 607-620 
fatty, cirrhosis and, experimental 
studies on dietary factors, May, 753 
function and disease, phagocytosis 
and, May, 737-752 
in pathogenesis of Wilson’s disease, 
May, 816 
necrosis, acute, due to carbon tetra- 
chloride, effect on hepatic phago- 
cytosis, May, 745 
parenchymal and circulatory pathol- 
ogy in Wilson’s disease, May, 818 
physiologic alterations following par- 
tial hepatectomy, May, 772 


in malignant disease, 
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Liver (Continued) 
radioisotope scanning of, based on 
hepatic phagocytosis, May, 748 
regeneration and hyperplasia, May, 
765-777 
Lowe’s syndrome, July, 847 
Lung, carcinoma, hypertrophic osteo- 
arthropathy in, March, 518 
coccidioidomycosis, Sept., 1134 
diseases, brain abscess complicating, 
Sept., 1357 
histoplasmosis, amphotericin B_ in, 
Sept., 1124, 1126 
Lupus erythematosus, systemic, arthral- 
gia in, March, 518 
curability, March, 258 
renal biopsy in, July, 906 
renal hypertension due to, July, 
1059 
Lymphadenitis, staphylococcal, 
ment, Sept., 1241 


treat- 


MacroGuosutinemia, March, 357 
Malabsorption, primary, March, 417-24 
Malignant disease, hematologic manifes- 
tations, March, 345-352 
Mannitol, in differential diagnosis and 
therapy of acute oliguric renal failure, 
July, 1025 
Mastoiditis, brain abscess complicating, 
Sept., 1356 
Measles, immunization, Sept., 1409, 1431 
Medulla, role in total renal function, 
July, 882 
Meniére’s disease, diagnosis, March, 483 
Meningitis, blastomycotic, Sept., 1121 
coccidioidal, Sept., 1135 
cryptococcal, Sept., 1122 
histoplasma, Sept., 1125 
in pneumococcal pneumonia, treat- 
ment, Sept., 1267 
Menopause, diagnostic catchall, March, 
501 
Mercurial diuretics, electrolyte compli- 
cations, Jan., 121 
Metabolic diseases, symposium on, Jan., 
1-230 
Metabolism, carbohydrate, abnormal, in 
pancreatic carcinoma, March, 397- 
504 
copper, role of liver in, May, 816 
iron, aspects of, March, 333 A 
Methicillin in endocarditis, bacterial, 
Sept., 1290 
Methopyrapone, Jan., 90 
test for ACTH function, Jan., 147 


Methylprednisolone, pharmacology, 
trade names, dosage forms and uses, 
Jan., 87, 88 


Methyltestosterone, trade names and 
dosage forms, Jan., 93 
Middle ear infection, brain abscess com- 
plicating, Sept., 1356 
Milk-alkali syndrome, Jan., 113. See 
also Alkali-milk syndrome. 
kidney stones and, July, 968 
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Mineralocorticoids, effects, influence of 
adrenal on, Jan., 42 
of kidney on, Jan., 43 
excess, Jan., 46 
preparations and uses, Jan., 88, 89 _ 
Mitral stenosis, diagnostic problems in, 
unusual, March, 279-294 
Moniliasis of vulva, March, 448 ; 
Mononucleosis, infectious, with hepatitis, 
serum protein electropho- 
retic pattern in, May, 688 
immunoelectrophoretic pat- 
tern in, May, 697 
Motor syndromes, diabetic, March, 475 
Mumps, immunization, Sept., 1427, 1431 
Myasthenia gravis, curable, March, 257 
Mycobacterial diseases, modern treat- 
ment, Sept., 1271-1283 
Mycobacterium kansasii infections, treat- 
ment, Sept., 1281 
Myeloma, multiple, adult Fanconi syn- 
drome with, Jan., 192 
Myelophthisic anemia in malignant dis- 
ease, March, 348 
Myocardial infarction, asymptomatic, 
and coronary heart disease, Jan., 10, 11 
Myocarditis as complication of influenza, 
Sept., 1195 
Myocardosis, March, 359 
Myxedema, spontaneous, curable, March, 
257 


Narco.epsy, curable, March, 257 
Necrosis, tubular. See under Tubular. 
Nematode infections, diagnosis and man- 
agement, Sept., 1383 
Neoplasm, malignant, experimental, ef- 
fect on hepatic phagocytosis, May, 746 
Nephritis, hereditary, microscopic ap- 
pearance, July, 847 
Nephrocalcinosis, microscopic appear- 
ance, July, 856 
Nephronophthisis, juvenile, microscopic 
appearance, July, 849 
Nephropathy, diabetic, syndrome of, 
diabetic glomerulosclerosis and, July, 
1073 
Nephrosclerosis, in diabetes mellitus, 
July, 1079 
Nephrotic syndrome, aldosterone antag- 
onists in, Jan., 36 
amyloid goiter with, March, 385-389 
microscopic appearance, July, 849 
renal biopsy in, July, 905 
Nephrotoxins, in pathogenesis of acute 
tubular necrosis, July, 1031 
Nerve root compression, cervical, diag- 
nosis, March, 463-471 
Nerves, peripheral, palsies, 
March, 476 
Neuritis, diabetic, March, 469-480 
Neurodermatitis of vulva, March, 454 
Neurologic complications of influenza, 
Sept., 1196 
Neuropathy, diabetic, March, 469-480 


diabetic, 


Cumulative Index 


Neuropsychiatric conditions, flank pain 
in, March, 444 f 

Newborn, hyperbilirubinemia of, trans- 
fusions for, Jan., 236 

Norethindrone in birth control, Jan., 1385 

Norethynodrel in birth control, Jan., 135 

Novobiocin, in acute tubular necrosis, 

July, 1039 

in staphylococcal Sept., 
1239 

Numbness in cervical nerve root com- 

pression, March, 465 

Nutritional diseases, 

Jan., 1-230 

Nystagmus, spontaneous, March, 486 


infections, 


symposium on, 


Oxesiry, and coronary heart disease, 
Jan., 10, 11 
diagnosis of cause, Jan., 81 
mechanisms and management, Jan., 
77-84 
psychology of, Jan., 77 
Obstruction, biliary, extrahepatic, serum 
protein electrophoretic pattern in, 
May, 692 
Ocular palsy, diabetic, March, 476 
Oliguria, and acute tubular necrosis, 
July, 1023-1042 
of unknown origin, renal biopsy in, 
July, 908 
Oophorectomy in carcinoma of breast, 
Jan., 161 
Orinase. See Tolbutamide. 
Orthonovum as ovulation suppressant, 
Jan., 136, 137 
Osteitis fibrosa, in renal disease, histology 
and nature of, July, 986 
radiographic manifestations, 
July, 989 
treatment, July, 997 
Osteoarthropathy, hypertrophic, in can- 
cer of lung, March, 518 
Osteodystrophy, renal, azotemic, July, 
985-1000 
Osteomalacia, in renal disease, histology 
and nature of, July, 986 
esee ee manifestations, July, 
Osteomyelitis, staphylococeal, 
treatment, Sept., 1241 
Osteoporosis, curable, March, 257 
in renal disease, July, 987 
Baines manifestations, July, 
1 
Osteosclerosis, in renal disease, histology 
and nature of, July, 986 
Otitis externa, chronic, Sept., 1348, 1351 
Ovary, carcinoma, hemolytic anemia in, 
March, 346 
drug preparations, Jan., 95-99 
Ovulation, physiology, Jan., 131 
Beles clinical use, Jan., 131- 
side effects, Jan., 137 
Oxacillin, oral, in penicillin G-resistant 
staphylococcal infections, Sept., 1238 


acute, 
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Oxygen saturation, arterial, in cirrhosis 
of liver, May, 564 

pee reeycline in tuberculosis, Sept., 
1278 


Oxytocin, uses and side effects, Jan., 85 


Pacet’s disease of vulva, March, 453 
Pain, abdominal, in irritable colon, 
March, 426 
chest, in hiatus hernia, March, 409 
epigastric, in hiatus hernia, March, 407 
flank, in nonurologic disease, March, 
437-445 
in cervical nerve root compression, 
March, 464, 466 


reactivation by emotional trauma, 
March, 507 
Palindromic rheumatism, diagnosis, 
March, 515 


Palpitation in hiatus hernia, March, 410 
Pancreas, carcinoma, abnormal carbo- 
hydrate metabolism in, March, 397- 

405 
islet-cell tumors, L-leucine and, Jan., 


Papillitis, renal, necrotizing, in diabetes 
mellitus, July, 1072 
Para-aminosalicylic acid, in tuberculosis, 
Sept., 1278 
pharmacology and toxicity, Sept., 
1274 


Parainfluenza viruses, Sept., 1157 
Paralysis, periodic, aldosterone antago- 
nists in, Jan., 37 
hyperthyroidism and, March, 379- 
384 


peripheral nerve, diabetic, March, 476 
Paramethasone, Jan., 88 
Parasites as cause of vulvar pruritus, 
March, 449 
Parasitic diseases, diagnosis and manage- 
ment, Sept., 1381-1392 
Parathyroid drugs, Jan., 90 
Paratyphoid fever, immunization, Sept., 
1416 
Paronychia, chronic, Sept., 1348, 1349 
Penicillin, fever from, March, 528 
in endocarditis, bacterial, Sept., 1289, 


1291 

in glomerulonephritis, acute, July, 
1018 

in pneumococcal pneumonia, Sept., 
1263 


in rheumatic fever prevention, Sept., 
1304 

in staphylococcal infections, Sept., 
1234 


in syphilis, Sept., 1354 
in tubular necrosis, acute, July, 1039 
Penicillin-allergic patient with bacterial 
endocarditis, treatment, Sept., 1295 
Peptic ulcer, reactivation by emotional 
trauma, March, 506 
treatment, milk-alkali syndrome 
complicating, Jan., 113-115 
Pericardial knock, March, 298 
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Parleesqoentasis in pericarditis, March, 
Pericarditis, constrictive, March, 297, 
299, 309 
diagnosis, March, 295-314 
idiopathic, March, 305 
Pericardium, calcification, March, 302 
Periodic fever, etiologic role of steroids 
in, Jan., 108 
Periodic paralysis, aldosterone antago- 
nists in, Jan., 3 
hyperthyroidism and, March, 379- 
384 
Pertussis, 
1431 
Phagocytosis, with special reference to 
hepatic function and disease, May, 
737-752 
Pharyngitis, streptococcal, and 
matic fever, Sept., 1807, 1308 
Phenformin in diabetes, Jan., 54, 57 
Phenolsulfonphthalein excretion test, in 
clinical evaluation of renal function, 


immunization, Sept., 1402, 


rheu- 


July, 867 

Phenylbutazone, salt and water retention 
due to, Jan., 125 

Pheochromocytoma, hyperventilation 


syndrome simulating, March, 494 
Phosphaturia, as indication of 
dysfunction, July, 869 
Pili incarnati, 1347 
Pinworms, diagnosis 
Sept., 1385 
flank pain in, March, 442 
Pitressin, in nephrogenic diabetes insip- 
idus, July, 926 
Pituitary drugs, trade names, dosage 
forms and uses, Jan., 85, 86 
Plague, immunization, Sept., 1422 
Plasma, abnormal fibrinolytic activity in 
liver disease, May, 731 
Plasma concentrations, in clinical evalu- 
ation of renal function, July, 862 
Platelets, abnormalities in liver disease, 
May, 729 
increased, in malignant disease, March, 
350 
Pneumococcal pneumonia, nature and 
treatment, Sept., 1257-1270 
Pneumonia, as complication of influenza, 
Sept., 1193 
atypical, etiology and treatment, Sept., 
1201-1218 
Eaton’s agent, diagnosis and treat- 
ment, Sept., 1201-1218 j 
pneumococeal, complications and their 
treatment, Sept., 1266 
nature and treatment, Sept., 1257- 
1270 ; 
Poisoning, acute, hemodialysis in, July, 
1048 
Poisons, dialyzable, July, 1049 
Poliomyelitis, immunization, Sept., 1219- 
1230, 1404 
oral vaccines for, Sept., 1222, 1404 
Salk vaccine for, Sept., 1219 f 
Polyarteritis nodosa, renal hypertension 
due to, July, 1059 


renal 


and treatment, 
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Polycythemia, in hypernephroma, March, 
435 


in malignant disease, March, 349 
in renal disease, July, 1003 : 
Polyneuritis, idiopathic, acute, recogni- 
tion, prognosis and treatment, Sept., 
1371-1380 
Portal hypertension. See under Hyper- 
tension. 
Prediabetes, Jan., 61-65 
Prednisolone, pharmacology, trade 
names, dosage forms and uses, Jan., 
87, 88 
Prednisone, in liver diseases, recom- 
mended dosages, May, 811 
in viral hepatitis, May, 797 
pharmacology, trade names, dosage 
forms and uses, Jan., 87, 88 
Pregnancy, bacteriuria and, Sept., 1337 
flank pain in, March, 444 
increased aldosterone production in, 
Jan., 47 
Premature systoles, clinical significance, 
March, 259-266 
Proaccelerin, deficiency in liver disease, 
May, 727 
Probenecid, in endocarditis, bacterial, 
Sept., 1292 
in gout, Jan., 186 
Progesterone, aldosterone and, interre- 
lationships, Jan., 47 
as aldosterone antagonist, Jan., 34 
clinical uses, Jan., 35-38 
thermogenesis, Jan., 101 
trade names and dosage forms, Jan., 
97, 98 
Progestins, pharmacology, trade names 
and uses, Jan., 97, 98 
Prostatic hyperplasia, benign, July, 1086 
Protein(s), deficiency of, in pathogenesis 
of cirrhosis of liver, May, 753 
transfusions in, Jan., 234 
in ee of cirrhosis of liver, May, 


plasma, in liver disease, May, 679-710 
serum, electrophoretic patterns in liver 
disease, May, 686 
Proteinuria, orthostatic, renal biopsy in, 
July, 906 
Protozoal infections, diagnosis and man- 
agement, Sept., 13882 
Provest as ovulation suppressant, Jan., 
136, 137 
Pruritus, in biliary cirrhosis, May, 643 
vulvar, dermatologic manifestations, 
March, 447-456 
diagnosis and treatment, March, 454 
Pseudofolliculitis, Sept., 1347 
Psoriasis of vulva, March, 450 
Psoriatic arthropathy, March, 514 
PSP. See Phenolsulfonphthalein. 
Bea precocious, overgrowth in, Jan., 


Pulmonary complications of influenza, 
Sept., 1192 
Pulmonary hemorrhage, glomerulone- 


phritis and, microscopic appearance 
July, 855 


Cumulative Index 


Pulse, paradoxical, March, 299 
Pulsus bigeminus, March, 262 a 
Purpura, anaphylactoid, arthralgia in, 
March, 520 
Pyelonephritis, Sept., 1331 _ ; 
Pyelonephritis, characteristics of urmary 
sediment in, July, 897 
diagnosis, July, 1095 
hypertension due to, July, 1058 
in diabetes mellitus, July, 1071 
diagnosis and treatment, July, 
1073 
renal biopsy in, July, 907 
therapy of, observations in, July, 1095— 
1100 
Pyrazinamide in tuberculosis, Sept., 1276 
Pyrogens, steroid, Jan., 101-112 


Q FEVER, immunization, Sept., 1428 


RABIES, immunization, Sept., 1419 

Radiculitis, flank pain in, March, 441 

Radioisotope scanning, of liver, based on 
hepatic phagocytosis, May, 748 

Relaxin, Jan., 

Reiter’s syndrome, March, 517 

Renal. See also Kidney. 

Renal acidosis. See Acidosis. 

Renal artery, thrombosis of, increased 
aldosterone production in, Jan., 48 
Renal cell carcinoma of kidney, diagnosis, 

March, 431-439 
Renal countercurrent concentrating 
mechanism, July, 873-886 
Renal hypertension. See under Hyper- 
tension. 
Renal multipliers, exchangers, and ex- 
change-multipliers, July, 875 
Reoviruses, Sept., 1164 
Reserpine, in hypertensive encephalop- 
athy of acute glomerulonephritis, 
July, 1017 
salt and water retention due to, Jan., 
125 
Respiration, normal, effects on hepatic 
circulation and cardiovascular homeo- 
stasis, May, 555 
Respiratory infections, viral, role of im- 
munity in common cold and, Sept., 
1171-1184 
Respiratory viruses, present status, Sept., 
1155-1170 
Restim, stimulation of phagocytic activ- 
ity with, May, 744 
Reticuloendothelial system, phagocytic 
function, May, 737 
Retirement, prospect of, depressive reac- 
tion due to, March, 503 
Retroperitoneal space, diseases of, flank 
pain in, March, 442, 448, 444 
Rheumatic fever, diagnosis, March, 517 
epidemiology, Sept., 1302 
Beene: prevention, Sept., 1301- 
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Rheumatic heart disease. See Heart dis- 
ease, rheumatic. 
Rheumatism, palindromic, 
March, 515 
psychogenic, March, 517 
oe enstaid arthritis, diagnosis, March, 
Rheumatoid 
March, 514 
_ Rhinoviruses, Sept., 1163 
Rickets, renal. See Osteodystrophy, renal, 
azotemic. 
Rocky Mountain spotted fever, immu- 
nization, Sept., 1428 
Roentgen diagnosis, of gluten-induced 
enteropathy, March, 420 
of lesions in azotemic renal osteo- 
dystrophy, July, 987 
of mitral stenosis, March, 282 
of pericarditis, March, 302 
Rubella, immunization, Sept., 1431 


diagnosis, 


spondylitis, diagnosis, 


SABIN vaccine for poliomyelitis, Sept., 
1222, 1404 

Salicylate intoxication, Jan., 124 

Salk vaccine for poliomyelitis, Sept., 1219 

Salmonella gastroenteritis, treatment, 
Sept., 1324 

Salt. See also Sodiwm. 

Salt retention, drug-induced, Jan., 125 

Salt solution, hypertonic, infusion of, in 
diagnosis of diabetes insipidus, July, 
920 

Sarcoidosis, arthralgia in, March, 519 
kidney stones and, July, 968 

Schistosomiasis, diagnosis and treatment, 
Sept., 13889 

Secretin, effect on bile production, May, 
614 

Sediment, urinary. See Urine, sediment 


im. 

Senile atrophy of vulva, March, 451 

Sensory neuropathies, diabetic, March, 
ATA 

Septicemia, in liver disease, May, 811 

Serologic problems in syphilis, March, 
369-378 

Serologic reaction, nature of, March, 369 

Serum sickness, arthralgia in, March, 520 

Shigella gastroenteritis, treatment, Sept., 

324 


iL 
Shock, hemorrhagic, effect on hepatic 
phagocytosis, May, 747 
Shunt(s), portal systemic, in portal hy- 
pertension associated with cirrhosis 
of liver, May, 582 ; 
procedures for portal hypertension, 
March, 315-321 
Sinusitis, brain abscess complicating, 
Sept., 1357 
in pneumococcal pneumonia, treat- 
ment, Sept., 1267 
Sjogren’s syndrome, March, 520 
Skin, infections, bacterial, causes and 
treatment, Sept., 1343-1354 
secondary, Sept., 1350 
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Smallpox, immunization, Sept., 1394 
Smears, positive, diagnostic problems in, 
March, 457-461 
Sodium. See also Salt. 
retention of, in cirrhosis and ascites, 
May, 589 
Spastic colon, March, 425-429 
Spine, transverse process, fracture, flank 
pain in, March, 442 
Spironolactone, Jan., 90 
as aldosterone antagonist, Jan., 35 
clinical uses, Jan., 35-38 
electrolyte complications, Jan., 121 
Spleen, role in hemolytic anemia asso- 
ciated with liver disease, May, 714 
Spondylitis, rheumatoid, diagnosis, 
March, 514 
Spondylosis, cervical, spur in, diagnosis, 
March, 463, 468 
Sprue, gluten-induced enteropathy and, 
March, 417 
Stain, Sternheimer-Malbin, for urinary 
sediment, July, 888 
Staphylococcal endocarditis, treatment, 
Sept., 1291 
Staphylococcal furunculosis, treatment, 
Sept., 1241 
Staphylococcal gastroenteritis, 
ment, Sept., 13826 
Staphylococcal infections, hospital, inter- 
ruption of transmission as means 
of control, Sept., 1247-1256 
treatment, Sept., 1231-1245 
Staphylococcal osteomyelitis, 
treatment, Sept., 1241 
Staphylococci, biologic characteristics, 
Sept., 1232 
nasal carriers, treatment, Sept., 1242 
Starvation, effect on hepatic phagocy- 
tosis, May, 747 
Steatorrhea, idiopathic, March, 417-424 
Steroid hormones, metabolism in liver 
disease, May, 663-677 
Steroid therapy, in liver disease, May, 
801-814 


treat- 


acute, 


as diagnostic test, May 809, 811 
in viral hepatitis, May, 796 
Steroids, fever-producing action, Jan., 
101-112 
Still’s disease, diagnosis, March, 514 
Stone(s). See Calculus(i). 
Streptococcal endocarditis, 
Sept., 1292 
Streptococcal infections and rheumatic 
fever, Sept., 18305-1309 
Streptomycin, in endocarditis, bacterial, 
Sept., 1292, 1293 
in tuberculosis, Sept., 1278 
in tubular necrosis, acute, July, 1039 
pharmacology and toxicity, Sept., 1274 
Strongyloidiasis, diagnosis and manage- 
ment, Sept., 1385 
SU-4885 test for ACTH function, Jan., 
147 
Sulfinpyrazone in gout, Jan., 186 
Sulfonylureas in diabetes, Jan., 53, 56 
Syphilis, diagnosis and treatment, Sept., 
1351-1354 


treatment, 
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Syphilis (Continued) 
serologic problems in, March, 369-378 
Systemic disease, anemia due to, vs. 
hypochromic anemia, March, 338 
factitious, March, 255 
Systoles, premature, clinical significance, 
March, 259-266 
Tapeworm infection, diagnosis and 
treatment, Sept., 1388 
Test(s), accumulation, in clinical evalua- 
tion of renal function, July, 868 
excretion, in clinical evaluation of renal 
function, July, 867 
tubular function, in clinical evaluation 
of renal function, July, 869 
Testes, drug preparations, Jan., 92-95 
Testosterone, pharmacology, trade names 
and uses, Jan., 93, 94 
salt and water retention due to, Jan., 
125 
Tetanus, immunization, Sept., 1397 
Tetracycline, in acute tubular necrosis, 
July, 1039 
topical use, Sept., 1346 
Thalassemia minor, anemia of, vs. hypo- 
chromic anemia, March, 338, 341 
Thiazides, treatment with, electrolyte 
complications, Jan., 118 
Thrombocytopenia, in liver disease, May, 
729 
Thrombo-embolic disorders, fibrinolytic 
agents in, Jan., 241-248 
Thrombophlebitis, intracranial, 
1363 
Thrombosis of renal artery, increased 
aldosterone production in, Jan., 48 
Thymol turbidity test, in liver disease, 
May, 695 
Thyroid diseases, abnormal hepatic and 
peripheral metabolism of C-21 and 
C-19 steroids in, May, 671 
Thyroid hormone, growth and, Jan., 
151 


Sept., 


influence on bile acids, May, 638 
Thyroid preparations, pharmacology and 
uses, Jan., 91, 92 
Thyrotoxicosis, steroid metabolism in, 
May, 671 
Tolbutamide in diabetes, Jan., 54, 56 
Tophi, subcutaneous, in gout, Jan., 181 
Toxemia of pregnancy, increased aldo- 
sterone production in, Jan., 47 
Toxoids, staphylococcal, Sept., 1240 
Tracheobronchitis, as complication of 
influenza, Sept., 1192 
Trachoma, immunization, Sept., 1432 
Transfusions, hazards and contraindica- 
tions, Jan., 236 
indications, Jan., 233 
optimal use of, Jan., 231-239 
reactions, Jan., 237 


Trematode infections, diagnosis and 
treatment, Sept., 1389 
Triamcinolone, pharmacology, trade 


names, dosage forms and uses, Jan., 
87, 88 
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Triamterene as aldosterone antagonist, 
Jan., 35 
clinical uses, Jan., 35-38 
Trichinosis, diagnosis and treatment, 
Sept., 1387 : 
Trichomonas vaginalis, vulvar pruritus 
due to, March, 449 
Trichuriasis, diagnosis and treatment, 
Sept., 1386 
Triiodothyronine, Jan., 91, 92 
Tuberculosis, immunization, Sept., 1423 
renal, obstructive uropathy due to, 
July, 1089 
treatment, Sept., 1271-1283 : 
Tubular necrosis. See also Kidney, failure. 
acute, oliguric renal failure and, 
July, 1023-1042 
Tularemia, immunization, Sept., 1428 | 
Tumor(s), extrapancreatic, hypoglycemia 
with, March, 391-396 ; 
renal hypertension associated with, 
July, 1059 
retroperitoneal, flank pain in, March, 
443, 444 
Turner’s syndrome, stunting of growth 
in, Jan., 148 
Typhoid fever, immunization, Sept., 1416 
Typhus fever, immunization, Sept., 1417 


Utcer, trophic, of foot, in diabetes, 
March, 477 
Urea clearance, in clinical evaluation of 
renal function, July, 865 
Ureteral calculus, July, 1089 
Ureteropelvic obstruction, July, 1090 
Urethral stricture; July, 1086 
Urethritis, Sept., 1331 
Uric acid, metabolism, normal, Jan., 169 
production and excretion, in gout, 
Jan., 170, 173 
stones, renal, July, 974 
Urinary tract, congenital anomalies, 
microscopic appearance, July, 844 
infection, incidence, diagnosis, asso- 
coated conditions, treatment, 
Sept., 1331-1341 
obstruction, acute renal failure due 
to, diagnosis, July, 1027 
occult, July, 1091 
pathophysiology and complica- 
tions, July, 1081 
Urine, acid, kidney stones and, July, 976 
alkaline, calcium kidney stones and, 
July, 973 
collection of, for examination of sedi- 
ment, July, 887 
concentrated, due to bowel disorders, 
kidney stones and, July, 973 
examination, in urinary tract infection, 
Sept., 1334 
soe in, cellular elements of, July, 


characteristics in acute glomerulitis, 
July, 894 

in renal disease, July, 887-901 

interpretation of, July, 889 
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Urine (Continued) 
sediment in, staining and examination 
of, July, 888 
telescoped, July, 899 
Uropathy, obstructive, etiology, diagno- 
sis and treatment, July, 1081-1094 


_ VaccINATION, procedures, Sept., 1393- 
1438 
Vaccines, adenovirus, Sept., 1427 
B.C.G., Sept., 1423 
cholera, Sept., 1418 
common cold, Sept., 1181 
diphtheria, Sept., 1400 
influenza, Sept., 1406, 1185, 1189 
measles, Sept., 1409 
mumps, Sept., 1427 
pertussis, Sept., 1402 
plague, Sept., 1422 
poliomyelitis, Sept., 1219-1230, 1404 
oral, Sept., 1222, 1404 
Salk, Sepét., 1219 
Q fever, Sept., 1428 
rabies, Sept., 1420 
Rocky Mt. spotted fever, Sept., 1428 
rubella, Sept., 1431 
smallpox, Sept., 1894 
staphylococcal, Sept., 1240 
tetanus, Sept., 1397 
trachoma, Sept., 1432 
tularemia, Sept., 1428 
typhoid-paratyphoid, Sept., 1416 
typhus, Sept., 1417 
yellow fever, Sept., 1425 
Vagina, positive smears of, evaluation, 
March, 457 
Vancomycin in staphylococcal infections, 
Sept., 1239 
Varicella, immunization, Sept., 1431 
in liver disease, May, 811 
Varices, esophageal, causes of, March, 
18 


hemorrhage from, in cirrhosis of 
liver, May, 579 ae alee 
shunt procedures for, indications, 


March, 316 ; 
Vasopressin, uses and side effects, Jan., 
85, 86 


Vertigo, differential diagnosis, March, 
481-490 
Vesical neck contracture, July, 1086 
Viomycin in tuberculosis, Sept., 1276 
Viral diseases, respiratory, present status, 
Sept., 1155-1170 
role of immunity in common cold 
and, Sept., 1171-1184 
treatment, Sept., 1166 
Viruses, adeno-, Sept., 1158 
Coe, Sept., 1161 
common cold, Sept., 1173 
Coxsackie A-21, Sept., 1161 
Viruses, hepatitis, May, 779-786 
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Viruses (Continued) 
influenza, Sept., 1191 
parainfluenza, Sept., 1157 
reo-, 1164 
respiratory, present 

1155-1170 
syncytial, Sept., 1160 
rhino-, Sept., 1163 
Vitamin D, in azotemic renal osteodys- 
trophy, July, 995 
preparations and uses, Jan., 90, 91 
toxicity, Jan., 116 

Vitamins, in treatment of cirrhosis of 
liver, May, 760 

Vulva, pruritus, dermatologic manifesta- 

tions, March, 447-456 
diagnosis and treatment, March, 454 


status, Sept., 


Water, body. See Fluids, body. 
distal tubular reabsorption, influence 
of renal countercurrent concentrat- 
ing mechanism on, July, 882 
diuresis, abnormal, in edematous 
states, July, 929 
in endocrinopathies, July, 930 
excess and deficit, normal renal re- 
sponse to, July, 916 
renal excretion of, abnormalities, path- 
ophysiology and differential diag- 
nosis, July, 915-933 
retention, defective (diabetes insip- 
idus), July, 919 
drug-induced, Jan., 125 
test for ACTH function, Jan., 147 
Weakness, arm or hand, in cervical nerve 
root compression, March, 465 
Whipworm infection, diagnosis and treat- 
ment, Sept., 1386 
Whooping cough, immunization, Sept., 
1402, 1431 
Wilson’s disease, diagnosis and treat- 
ment, Jan., 213, 214 
diagnostic criteria, May, 819 
dual role of liver in, May, 815-824 
parenchymal and circulatory hepatic 
pathology, May, 818 
pathogenesis, role of liver, May, 816 
pathophysiology, Jan., 207-217 
therapeutic implications of role of 
liver, May, 820 


YELLOow fever, immunization, Sept., 1425 
virus of, history, May, 779 


ZYMOSAN, stimulation of phagocytic ac- 
tivity with, May, 744 
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